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PROLOGUE: EXCELLENCE AND THE SEARCH
John E. Penick

Science Education Center
University of Iowa

~ Many descriptions of excellert ideas; activities, and science programs
have been published, read, ard reviewed; resulting in conisiderable improve-

ment in science teaching and additional recognition of continuing problems
With this beginning of the Focus on Excellence moriograph series, The
Natlonal Sc1ence Teachers Assoclatlon hOpes to prOV1de a source of 1nsp1ra-

tices.

For _ 1982 our sedarch has been for outstand1ng programs in five focus
areas: Blology, Elementary Science, Sc1ence as Inqurry, Phys1cal Science;

and Science/Technology society. For each area,; we are devoting a Monograph

describing innovative programs with a particular focus. This continuing
motiograph series from NSTA will highlight excellence in Middle_school/Jun-

ior High Sc1ence, Phys1cs and Informal Science Education in 1983. Future

years will see @ search for excellence in other school science, teacher

education programs, and other science areas fourd in_Science educatlon We

feel strongly that this monograph series; Focus on Exce"ence will play a

needed and vital role in shaping science education practices of the future.

Yager, NSTA pres1dent for 1982 83 was 1nV1ted to become a ‘member of Pro-

ject Synthesis. The perceived need for PIOJECt Synthesrs came in 1976 when

several Natlonal Sciernice Foundatlon funded studies revealed the current

state of Science education in the Un1ted States: Then, in 1978; a synthe-

sis of the mpre than 2,000 pages of information from those three NSF

reports and the Natlonal Assessment of Education Progress data was begun by

twenty thiree sciernce educators throughout the U.S.

The Synt1es1s rescarchers worked 1ndependently in small teams, sach
focusing on one aspect of science education: Elementary Science, B1ology,

Physical Science; Sc1ence/lechnology/ Society, or Inquiry: A critrcai part

of the synthesis analysis was developing a dascription of an ideal or

desired state for a focus area and then comparing the actuai to the desired

state. During the Search for Excellence, goals arising from the synthesis

des1red state for each of the f1ve focus areas were used as criteria fo:

. Leading science educators (generally state science consultants) in
edch state were identified as chairs of committees to identify and nominate
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outstand1ng 7§c}ence programs im their respective states. Ultimately;
nearly 165 state nominations were submitted to the project director for

consideration at the national level for 1982. Thus, the state exemplars

wore passed on to another set of review committees and yet another selec-

tIOl’l process.

To aid in the selection process; all nominees were asked co fill out
forms detailing information on demographics; texts used; and the nature of
the school. A questionnaire; developed from the desired state criteria,
was completed by the nominee as an integral part of the nomination packet.
In aaaitibh, “the 'sta'té ‘nominees 'w'e'r'e' giVéi'i thé major criferi'a' for excel-

1. Provide some information about the setting (community locatiom;
size; Specific features, school scierice anid organizatiom)

2. Deéscribe the nature of the exemplary program (grade; level, class

sizes, curriculum outllne, learning activities; evaluation techni-

3. How does the program exemplify the 1982 criteria for SESE" (Aljljré-

v1ated criteria were made availale and reference to Volume 3 of
NSTA's What Research Says to the Science Teacher was given.)

4. How did the exemplary program come into existerce?

Nominations were divided into five groups: Biology, Physical Science;

Sc1ence/Technology/SOC{ertiyi,ijrflgu:[ryr, and Elementary Science. Each group
was then reviewed by different teams with at least one of the original
synthesm researchers on each team Eacli program was compared to fhe

with reviewer discussion usually leading to a clear 1dent1ficatlon of the

national exemplars in each focus area. These National Exemplars numbered

twelve in Elementary Science; seven in Physical Science, and ten edch in
Biology; Science/ Technology[Sﬁ’o’Cj:éty,”a:rrid Inquiry. A SEp'arate monograph
for each focus area is available from NSTA.

While Project Synthesis offered a desired stare, "these examples of

excellence provide vivid views of what is already a reality. We hope you

can profit by readlng these descrrptlons, by finding inspiration and a

source of ideas. The programs described range  from North Toole High

School with only 80 students to Merritt Island High School, one of 23 sec-

ondary schools in the Brevard; Florida school district offering Research

7 .
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Science. Schools with exemplary programs teaching Science_ As Inqulry are

found i:. commuiiities of 400 up to more than 50;000. _Size of sqbool or coir-

runity doesd not seem to be a limiting factor in ach13V1ng'excellence

Frade 1eve; is not & fqgfor either. .  Three of ;hié,year‘s exempiér§

are junior high schools and one program; Inquisitive Chiicks is evolving in
a primary setting. Not surpr151hg1y, the most significant factor is the
teacher. Teadchers in alt of these programs are dynamic, thoughful young
at heart, and eager to learn wich their students. (If you dre interested,

see another monograph from NSTA, Teachers in Exemplary Pregrams: How

Do They Compare?)

These programs are all exemplary but they by no means exhaust the sup-

ply of innovative and outstanding S5ciernce education programs We feel
stkongly that excellence exists_ and it exists in reasonable quantlty View

these as some examples of excellence and be prepared to find more. At the

same plme, we encourage you to contact exemplary programs which you feel
have applicability to your own school situation:



Chapter 1: Srience As Inquiry:

A Desired State _

By
Glen S. Aikenlicad®

University of Saskatchewan

INTRODUCTION

Inquiry is a general process by which we seek iuxormation or under-

stapdlng People inquire in different Identifiable ways and broadly speak-

ing; it is a way of thought. We can inquiry into values (values ctarifica-

tion); natural phenomena (scientific Inqutry), the appllcation of

techniques and knowledge {problem solving); and into choices of action or

belief (decision making). Thus; scientific 1nqu1ry belongs to a family of

inquiry strategies. While scientific inquiry shares common features with
the other mnndes of inquiry,; it may be characterized by its own set of fea-
tures. Our Project Synthesis inquiry group recognized scientific inquiry

as having:

ence: ObSEIVlng and measuring; formulatlng problems ms and seeklng
soiutlons to them; in;erprQCIng data; genera'izing, bui lding, test-

ing; and revising thecretical modeis.
2. General characteristics often called the nature of science: the
structure of scientific khowledge is tentative and the product of

.uman efforts. The structure is affected by the processés used in
its construction or by the social and psychological context in which
the inquiry occurs. Scientific _knowledge 1is also affected by
assumptions about the natural world, such as causality, noncapri-
cicusness and intelligibility.

*These Desired state ideas were developed as pcort of Project
synthesis. Contributing d4uthors and members of the Inquiry Focus
Group also included: “ayne W. Welch (University of Minnesota; Leo E.
Klopfer (University of R;ttsburg)J and James _T. Robinson (Boulder
Valley Schuol District, Boulder; Colorado). This chaptér is based
in part on Chapter V in N. Harms and R. Yager (Eds.), What Research
Saye t. the Science Teacher, Vol. 3, NSTA, Washington, D.C., 1981.

O
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Shared characteristics with other domains of inquiry such as general

strategies, safeguards and customs: the use of evidence ‘and reason-
ing, and the generally agreesd-upon procedures of "ethos' that indi-

viduals participating in all forms of rational inquiry are expected
+o follow. Our characterization of scientific inquiry encompassed
these three themes. A more detailed description may be found in
Table 2. , ] )

‘A desired state of affairs for student understanding and use of

inquiry requires more than a definition of inquiry. We deliberated

over issues related to schooling and considered the needs and char-
acteristics of students: In order to analyze these school issues we
developed three main themes: the context or precondition that may
support inguiry teaching,; the transactions that may facilitate

inquiry teaching, and the outcomes of that instrictiori~-student
understandinz of inquiry. Théééfd%%COméé were considered in_ terms
c o

of Project Synthesis' student goal clusters: .

I Personal Needs -- to use the outcomes of science.

. instruction for improving one's
personal life and for coping with
an increasingly technoligical world;

Il Societal -- to use the outcomes of science.

Issiues instruction to deal responsibility

IIT  Fundamental -- to use the outcomes of science
Knowledge instruction for the pursuit of
krowlédge for its own sake and for
professional training, and

IV Careers -- to use the outcomes of science

instruction for awareness of
a variety of science and technology-

related jobs.

Table 2 shows interrelationships among the three inquiry themes, the

thre~ themes for school issues; and_the four goal clusters. The

goal slusters and the inquiry themes form a two dimensional lattice;
and are related to only one theme of the school issuas--outcomes.

In formulating desired Stdtes for tearhing science as inquiry;
we were mindful that our assumptions, experiences,; and beliefs were
influencing the outcomes of our deliberatioms. The validity of our
desired states inust be considered in this light and before present-

ing the desired states themselves; you should note their inherent

assimptions, beliefs and restrictions.

Tn
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6

ASSUMPTIONS, BEELIEFS AND RESTRICTIONS

There were severat BSbUmptlonS, beliefs; and restrictions that

guided the Inquiry group's 1nterpretat10n of the inquiry domain.

t:

Inquiry as a way of thought is a valuable goal for education.
Théfé iEé certain characterisitcs of the 'n'a'tijicé of scientific

-

Process is pervasive. Iti tbgéthér Qitﬁ,tbﬁtéptﬁél éChéméé,

~will likely remain after the content 1s forgotten.

We recognize and advocate the importance of informed atti-
tudes as an integral part of scientific inquiry. Students
Will possess irforiied attitudes toward the process of discip-
lined inquiry, partlcularly plocesses and knowledge charac-

ter1st1c of scientifi¢ inquiry: Indlcations of the, existence

of such attitude will span the continuum from merely being

awdtre of phenoménon (IECEIVIng) to makrng a concerted effort

tqﬂ7§§sp9§§7ﬁgq{gqnization) For ‘some students, attitudes
toward scientific inquiry will become their- life outlook
(characterization). .Students will exhibit different feelings

about different —omponents of the processes cf science; but
our desire is that students will respond to the process of

science with positive feelings (valuing). In our statemerts
of desired student ocutcomes we have-'chosen to weave affective

(feeling) statements in with our cognitive (know1ng) and

" skill {doing) statements.

We recognlze that all p0551b1e de51red student elements couid

not be covered in a document such as this: Therefore, we

have sampled the domain of inquiry selecting thosc aspects

that are most important and presented examples of these

across the four goal clusters.

The student outcomes are pitched at the able high school

graduate; but we expect a range of competencies.

Oui descriptica of a desired state of affairs for inquiry is

based in part on earlier writings of Klopfer. (1976) (Inquiry
Report, October 21, 1978, pages 1 and 2)

DESIRED STATES FOR INQUIRY

The desired state of affairs for student understandxng of Sci-

ence as inquiry involves all the elements found in Table 2. A phy-

sics metaphor may make ev1dent the context transactlons ‘and out—

2

|y
o |
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work (the context), but must develop the kinctic energy for that

work (the transactions); and finally the system yields the work
itsetf (the outcome).

The contextual component 1includes such things as. curriculum
materials; skilled teachers; science laboratories and community
opinion: Context is the potential of the system to accomplish

inquiry 1earn1ng A school that contains a well-equippped science
lﬂhoratory, a highly competent teacher and a supportive community

has a. greater potentlal to accompllsh 1nqu1ry learn1ng than ~one

consistent Jlth inquiry teachlng. Effeotlve teaohers valuerlnqplry,
encourage an Inquiry orientation in cchers, and possess skills in
énabling other to undérstand ihqﬁiry as a way of Rnowing SuCh

ing of the h1story, phllosophy and soc1ology of science, and to
develop the1r competei.cies in inquiry teaching.
Inqulry classrooms have science obJects that are ObVlously In

as to stlmulate student investlgatlons The phy31ca1 arrangement of

the classroom is flex1b1e, permltt1ng activities of various kinds

comes that give attentlon to science process skills; to the nature

of sc1ent1f1c Inqurry, and to attitudes and values. Science curri-

cula that incorporate these outcomes are available to all_ students;
but statements of student outcomes and instruction should be care-
fully adjusted to the characteristics of the student population;

including their needs and goals. : o , )
Transactions are the set of activities that expose the
student to opportunities to learn. They are the actual interactions
of the s:udents with their teabhers, other students, curriculum
materials, and the natural world. There is a klnetlc characteristic
of the’ transactlons that d1st1ngu1shes them from the context ele-
ments. Paiticipating in hands-on experiences, viewing 4d f11m on the

double- helix controversy, or readlng about the philosophy or sociol-

ogy of scierce dre examples of transactlons that would seem to faci-

'lltate inquiry learnlng 1nrsc .ence:

Instruction in inquiry classrooms reflects a varlety of meth-

OdS"dISCUSSIOnS investigative 1aborator1es, student-initiated

inquiries; and deba*es. Teachers serve as 1ole models 1in debating

issues, examining values; admitting error, and confronting areas of

their own igrorance. The classroom atmosphere is conducive to
inquiry with students finding it easy to ask questions. Risk-taking
is encouraged and stuudent comments are listened to, clarified,

questioned; and deliberated with & high level of student-student
1nteract10ns. Science content and processes become inseparable and

"How do we know?" enters many conversations. Individuals, small
groups, or the @antire class move easily from discussion to labora-

tory or other "hands - on' activities. The climate of classrooms in

which science is taught as inquiry stimulates a thorough thoughtful

exploration of ObJectS and events, rather than a need to finish an
activity or the text. . N

12
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Both formative and summative evaluations are integrated into

the ongoing activities in tme classroom: Techniques and instruments
for summative evaluation are selected and used in such a way that
student outcomes reflecting inquiry learning are assessed. With

equal importance, formative evaluation procedures and instruments
are deliberately chosen to gather data for course improvements and
fiture directions and decision making. ] ) , )
Inquiry transactions are concerned with students developing
meariinig for themselves: The multifarious nature of such meaning
dictates that in an inquiry classroom there is a time for doing, a

time for reflection; a time for feeling; and a time for assessment.

~ Outcomes of the schooling process are the result of transac-
tions occurring in a particular context. A studernt's awareness of
the tentative nature of scientific knowledge is orie example of an

inquiry outcome. A student's ability to interpret data represented
in a graph is yet another example. o

.~ When we developed student outcome statements, it was obvious
that only sample statements could bu generated within a reasonable
time-frame. These statements, 128 in all, serve to exemplify the
three main themes of inquiry and the four goal clusters. Table 3
presents a few of the 128 examples of desired inquiry outcomes gen-

erated by the Project Synthesis Team (Harms; 1980).

A PERSONAL DESCRIPTIVE ACCOUNT

The Inquiry group's story begins with Norris Harms' decision to

ificlide "Processes of Science' as one of the five focus groups in
Project SYﬁthési§:7i§pg§gquently he needed a group ledder, a person
who had gained a national reputation in research and study of the

processes of science. Wayne Welch's name came quickly to mind.

Welch's doctoral work (1966) at the University of Wisconsin had

created the widely used Science Process Inventory (SPI). Weilch also
was working on a National Assessment of Educational Progress study

involving the processes of scierice when Harms was writing the Pro-
ject Synthesis proposal for NSF. In addition; he had been involved

in all three NSF supported studies that were to form the empirical

basis for Project Syinthesis: Welch's academic background; diverse
research, and administrative experiences were seen as beneficial in
developing and heading up the Processes of Science focus groip.

When NSF funded Projact Synthesis in the spring of 1978,

Welch's first task was to select three others to work with him. The

selection criteria in the original NSF proposal dictated.a litera-
ture search to discover who had done research related to the pro-
cesses of science. In consultation with Harms and other members of
the steering committee; Welch also attempted to predetermine the
compatibility of the group; estimating how weli the people would
work together on an extensive, nebulous and taxing project.  _

Three people were selected: Leo Klopfer (University of Pitts-
burgh); Jim Robinson (BSCS), and Glen Aikenhead (University of Sas-
katchewan). Leo Klopfer's History of Science Cases plus his Test on
Understanding Science (TOUS) were all part of his doctoral research
at Harvard University. (1962) His Chapter, "Evaluation of Learning
in Science," in Bloom et al.'s classic Handbook om Formative and

C 13
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Summative Evaluation of Student Eearnlng (1971) reflected arnatlonal

recognition of his expertlse Jim Robinson's phIiosophy of science

doctoral thesis at Stanford (1964) had led to his book The Nature of

Science and Science Teaching (1964). My doctoral work at Harvard

Un1vers1ty (1972) continued the development of evaiuation techniques

using the SPI and TOUS and led to subsequent research studies evalu-

ating student knowledge about science and scientists:

Welch and Harms felt that the four constituted a pctentially

compat1b1e, valld array of academlc researchers What Ha ‘ms may not

involved in th~ practitioner's world of teaching. Welch had worked

closely with Harvard Project Physics teachers; Klopfer in Individu-
alized Science trial classrooms; Robinson with BSCS materials in
trial classrooms (Life Science for Educable Handicapped; Environmen-
tal Education Project; Human Sc1ences)J and I with my own project;

Science: A Way of Knowing; for which I had returned to high school
teaching over a two year period. Thus the four of us brought a
wealth of practical knowledge of the day-to-day limitations and
frustrations experienced by and 1mposed on classroom teachers. We
kiiew from personal experierice what might or might not be accom-
plished in & classroom with different sorts of studenits. We had &
pragmatic feellng for what is reasonable to expect of teachers in
various circumstances: This pract:cal knowledge, rather than Just
academic expertise; turned out to be the basis for formulating much

of the desired state for inquiry:

In spite of this academic background and personai experience;

we certainly could not pretend to have a monopoly on the desired
state of affalrs related to the processes of sc1ence Our de11bera-

clusion. Consequertly; before our first meeting in Boulder (June

1978); we studied at least 20 major articles that addressed ideas
about what should be taught in science classroom. These articles
were scrutinized and discussed in terms of what they justified as a
des1red state of affalrs

ence meant in terms of PrOJect Synthes1s Harms broadly encompass-
ing viewpoint seemed at first unwieldly but; as soon as we realized

that we were deallng with a subset of inquiry; a pattern emerged;

inquiry as a way of thought; scientific 1nqu1ry as a way of generat-

ing knowledge; and scientific inquiry as a repertoire of 1nte11ec-

tural Skllls With this reallzatlon we changed the focus group's

name from Processes of SCrence to Inqu1ry

and each of us,took the,task of wrltlng 111ustrat1ve student outcome
statements. We wanted to_ express the desired state of inquiry
instruction with a sample of sSpecific student 6iitc6tﬂes Three types
of statements were called for: krowledge of (at various levels on
Bloom's taxonomy), ability to do, and feeling about. We wrestled
with many problems, such as the illegitimacy of isolating inquiry

from science content (recognlzlng that the two are intimately

related); the realism of some student inabilities and apathy,; the

incompleteness of any set of outcomes we might generate; and the
bothersome issue of elitism.

ed |
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Deliberations over student outcomes _allowed us ‘to deal

efficiently with what eventually became our 'context" and "transac-

tions' segmeiits. Our own experiences with teaching and working

closely with teachers helped us reach agreement over a desired con-
text and a desired set of transactionms.

The intensity of our deliberations may be compared to a three-

day comprehensive examination both oral and written. One incident

exemplifies this exciting tension. We drove to a restaurant one
everiing while carrying on a discussion from our afternoon meeting:

When we jumped out of the car and crossed the street, Harms noticed

that Klopfer was mnot with us; that he was sitting pensively
engrossed in the back seat of the car. "Leave him alone,;" someone

advised, "he's thinking." Twenty minutes later he entered the res-

taurant with a trace of a smile on his face. He had gotten hold of

an idea,; but we would have to wait for him to think it through over-

night before he was ready to share it with us over breakfast in the
morning: .
TABLE 1

interrelationships Among the Desired States for Inquiry lInstruction

A. Context: N - ) )
the community, teacner; classroom and
curriculum

B. Transactions: -
tHe classroom eveiits, methods, atmosphere
and evaluation

€. Outcomes: _ B .
I II I1I Iv
Personal Societal Fundamental Cereer

Needs Needs Knowledge

1. Processes
& Methods

of science

3. Strategies;
Safeguards
& Customs

O
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Table 2

Domain of Inguiry: Themes and Subthemes

Processes or Methods of Science

A.
B.

e Nle]

Observing and Measuring
Seeing a Problem and Seeking Solitions

This process refers to tﬁét *atﬁér Aifficuit task of

a combination of hard work thought skill, past
experience; or just plaln luck, flndlng solutions to that

problem. Also involved are such things as problem

recognition and developlng and testing hypotheses,; often
through experimernts.

Interpret Data and Form Generallzitions

Building, Testing, and Revising a Theoretical Model

Theoretlcal models are viewed as conceptual schemes

that allow us to understand a varlety of phenomena
in the natural world: Good wodels are broadly .

generalizable and can be used to generate. predicltlons

to be tested: They indicate how observations and

concepts are related.

Nature of Scientific Inguiry

E.

Scientific Knowledge as a Product of Scientific Inquiry

Sc1ent1f1c Rnowledge cons1sts of ideas about natural

phenomena in the form of : observations, laws;

hypotheses, theories, models, and assumptions. This

knowledge is tentative:. It is the product of human
effort. Scientific knowledge and the direction of

inqu1ry 1tse1f are affected by a number of psychological

context in which the scientific inquiry occurs.
Scientific knowledge comprises the assumptions ard
metaphors of those who created it, those whose
principal aim was to _satisfy their curiosity about
natural phenomena Thus, there are 11m1tations to

11m1tatioﬁs related to psychological and socioiogical

effects atd limitations possibly bounded within the

domain of natural phenomena. There are some basic

assumptions ifi scientific inquiry which have endured

over a long period of time: These assumptions about

the matural worild include: causality; noncapriciousness,

intelligibility:

; 18
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The Diversity of Tactics and Strategies in Scientific
Inquiry

Wh11e d1fferent branches of science share similar types

of inquiry, there are as many dlfferent SCIEHEIEEE,,
methods" as there are scientists: Ho@gyer, two modes of
inquiry are often recogntzable (a) stabieirthIry--

inquiry proceed1ng within the theoretical structure

of the discipline; without chaiienging the accepted

scientific knowledge of that area; (b) filuid inquiry--

incnairy that challenges, and perhaps alters; the

theuretical structure of the discipline.
The Self-testing and Empirical Aspects of Scientific
Inquiry

Scientific knowledge raises questions about phenomena.

In an attempt to answer these questions; scientists

create hypotheses Sclentlsts test these hypotheses

are compared w;th,predlctlons deduced from the

originadl hypothesis). The observations used to

verify or falsify the hypothe51s are: (a) contingent
upon the experimental conditions and the instruments
used to gather the data, and (b) Judged true if they are

based on sense data, repeatable by anyone trainmed in
inquiry techniques:

Theor;esiare useful ( tfﬁé") to the extent to which

scientists believe in the confirming observations.

GrIterIa for acceptlng a theory 1nc1ude such thlngs

predictive power,,potent;al for growth ;n developlng
scientific knowledge. Theories guide observations.
Discoﬁfirﬁiﬁg 6b§érvatidﬁ§ _may lead to modlflcatioﬁ,

of the theory

Scientists publish their results so that: others can

repeat what they did, cr1t1ca11y analyze

the work and know who should receive

credit for a new idea:

i11; Inquiry As A Way Of Thought

1. Is it a values or values- related question?
If yes; use values-clarification strategies.

Is the aim to deve10p sclentific knowledge and

understanding? If yes, use strategles detailed

in "Processes of Scientific Inquiry:'

17
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Is the purpose (need) to apply knowledge, skills,
and/or procedures to 4 personal or engineering-type

problem? If yes; use general problem-solving
strategies.

Is the purpose (need) to decide on alternative
societal actions to be taken? If yes, use decision-
making stategies.

NOTE: Which ever set of strategies is selectid,
all the considerations disciissed under Evidence,
Reasoning, Safeguards and Customs apply.

2. Evidence

reliability, and utilizing evidence to make decisions.

3: Reasoning--use of 10g*c81 th*nkxng Includes logical

regsoning; analogical reasoning; assump-ions;

causality and mvltiple-causality; judging

alternatives.

NOTE: Consideration also must be given here to
alternative systems of logic--especially the
iogic systems of children (and adults?) who
have not attained the stage of intellectual
develepmeﬁt dftéﬁ described ds the Piagetian

IV. Safeguards and Customs of Inquiry

These are the generally agreed-upon procedures, operating

modes,rruies of the game (the "~thos") that individuals

participating in atl forms of rational inquiry are

expected to follow. Some of the more important procedures
include open-mindedness; criticalness; including one's self;
commitment to accuracy; integrity; and sharing through public

discussion; seminars; and written reports.
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TABLE 3

(A * indicates a minimal outcome.

Other statements refer to stu-

dents taking two or more science classes in high school)

GOAL CLUSTER |

A. *{Doing). Can measure
accurately those body symp-
toms; such as blood pressure;
heartbeat and temperature,
that are 1mportant .

in monitoring one's health

B. *(Knowing). Is able
to form and test hypotheses
around problems related to

1nterests, such as acne, over-

weight; 1ow grades; autos
that won 't start,

and water
in the basement.

C. *(Doing). Can judge the
appropriaterness of any hy-
pothesis tested; to solve

a personal problem; on the
basis of data obtained,rsuch as
oSt of gasoline and mile-

dage rates.

D. (Attltudes) Realize

that the possessxon of a

few broadly encompassing

modeils will help them

interpret and feel better
about their environment.
Examples include justice/
fairness; socio-biology;
evolution, compromise, and
democracy.

E. *(Know1ng) De11beratg}gii

recognizes that the relevance

of scientific knowledge is

likely limited to its own

domain of inquiry (natural

~ GOAL CLUSTER 11
Societal Issues

A. ®*(Doinz). Observes

the impact of his/her
actions on the rest of
jociety, both those that
are riegative (noise pollu-
tion),; and those that

are positive ‘not smoking
in a crowded room):

B. (Attitude). Are supportive
9f,§y3,9§1999ti°ﬁ of public
science~related problems of
society.

C. (Doing). Can interpret
data presented about s
societal problem and judge
its implications {or

personal behavior thez effect

of limiting speeds to 55 mph

and resulting gas usage.

D. (Knowing). Several

models are proposed accountlng
for social behavior.
Insofar as these are ade-
quate; it seems 1mgortant

that students are familiar
with them. Some examples
include Justlce/falrness
socio- biology, evolution,

compromise and democracy.

E. (Doing). Abstracts from
a societal issue the compo-
nent related to natural
phenomend; identifying

this component as being ger-

19



phenomeﬁaj aﬁa thaﬁ other

sc1ent1f1c inquiry:

F. *(Know1ng) Doecs NOT
have faith in f0110w1ng a
stepwise descriptlon of 7§h9

scientific method" as a way
to solve problems:

6. *(Attitude): When engag-

ed in scientific inquiry;

values the empiricatl

verlflcatlon basis of
science.

H. *#(Doing). Studies the

researcli report containing
new eviuance concerning the
tdﬁhéctibh bétﬁééh §ﬁ6kiﬁg

the conditions undor which the

study was carried out.

1. *(Knowing). Accepts

open- -mindednest as a

prereqUISIte to
successful inquiry.

GOAL CLUSTER Il
Fundamental Know!=dge

15

and SCiEntlfIC inquiry:

F. (Attitude). Accepts or
anticipates that the science
component of a societal issue
can give rise to different

solutions.

G. ° ’'ttitude). Does not

ex; LU scientitsts to use
knowledge in their scientif-
ic thinking unless it has
been verified empiricaliy
by independent groups.

H. (Attitude) Has faith
in the power of reason and
ir. systemic approachés to

problem-solving for science-

related social problems:

1. (Attitude). Consistently
insists on giving opportuni-
ties to be heard to propo-
-nents of various viewpoints
concerning water and air

pollution issues.

GOAL CLUSTER IV

Careers

Science Process Skills

A. *(Doing). Is -able to

observe and describe ob-
jects and phenomena (in-
cluding change) using ap-
proprlate language.

¥

B. *(Knowing). Recognizes
that problem selection and
hypothesis formation are

sometimes aCccmplishéd in

direct and Programmed ways

and other times it is very

A *(Doing) Péttitiﬁétéé
tional and measurement
activities to sufficient-
ly examine the poteritial
éﬁd iﬁteieSt to them for

-

B. *(kttitude) Enjoy

involvement in opportuni-

ties to participate in
science-related problem
identification and soélu-

tions.

20
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much an Unpredlctable af-

fair: 1In both cases,

hocwever, it involves

intelligence and patient;
hard work though ne’ther

C. *(Attitude). See
Value in ﬁiesebting aata

al relationships; such as
tables; graphs; equations.

D. (Krowing). Can
spécify which phenbmena

E.*(Doing). Cities exam-

ple of earlier and current

scientific explanatlons

which have been, or are

being, altered.

F. *{(Attitude). Expresses
the view that different
scientists may use dif-
ferent methods of inquiry
because of individual
differences among

G. *(Knowing). Acknowl-
edges that scientists deal
with hypotheses; theories
and models in terms of
the1r usefulness (1n

\H *(Knowing): C€an grasp

the meaning of sImple sci-

entific statements such
that he or she would know

what counts as evidence
for and against it.
I. (Doing).” Accepts the

disagreement of scientists

C. (Doing). Has experienc-
ed the successes and prob-
lenis of 1nterpret1ng B
data and formlng general-
consider careers in
sciernce.

D:. *(Attitude):. Appreciate

the value of models in

understanding natural

phenomena and is interest-
ed in pursuing careers
that use such approaches.

E. (Knowing). Recognizes
the latitude in sciernce
for express1ng human

F. (Knowing) Recognlzes

that a career in science
does not require a
sxngular role; but is
open to a number of

different roles.

G. (Empty set)

H. *(Doing). Decides
%what the main issues
of selecting a science
career dre.

i: (Doing) Values

open-mindedness in
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about interpretations of those who pursie
the outcomes of scientific scientific careers.
research.
##The A, B, C . . . headings for the outcomes correspond to the sub-
themes described in sections A, B, C . . . in Table 2.
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Chapter 2: THE RESEARCH_SCIENCE PROGRAM:
A PROGRAM FOR HIGH ABILITY STUDENTS

By
Patricia E. Denninghoff and Kenneth Marx

Merritt Island High School
100 Mustang Way
Merritt Island, Florida 32952

rounded by water on three sldes The Kennedy Space Center, beaches and

] Prior to the development of the space program; Merritt Isiand was pri-

marily a rural communiity of citrus growers aithough there was some. tourism

in the area. The early development of the space program at Kennedy Space

Ceriter and the adJacent Cape Canaveral Air Force Station brought mauy space

related contractors and industries to the area. These new industries
Changed Merritt Island into a more cosmopolitan community with many diverse

groups including citrus grcwers and pickers; technicians, engineers, and

administrators. It was during this time of rapid growth and expansiorn that
Merritt Island High School was constructed in 1965.

Although Merritt Island's population has not decreased appreeiably in
the last few years, the transfer of Mission Control from Kennedy Space Cen-

ter to Houston reduced the input of young families in the area. This also

decreased available jobs in space-related 1ndustries and aitered as well as

decreased the school populat101 ~ Our ‘community has become more retirement

Merritt Island High School; with six wings surrounding a commons area,

provides educational oppcrtunities for 1,545 students in the terith, -ele-

venth; and _welfth grades The staff 1ncludes three administrators, tWo

level courses in Biology, Chemlstry, and Phstcs, as well as =alectives in

Marine Biology, Anatomy and Phsiology, and Research Science: The twelve

math instructors teach a series of standard mathematics courses including

Calculus In recent years, the Science Dep&rtment has been instrumenta1

Students at Merritt Island take advan< age of these science offe"ings

with 91% taking blology, 42% Chemistry, and 27% Physics or Physical Science

before graduation Another 24% take Marine Science; 7% take anatomy and

Physiology and 10% take a second year of Biology, Chemistry or Physics.

Research Science attracts 9% of the students by the time they graduate.

o Prior to development of the Research Science program, science
coﬁrses ~at Merritt Island High School were laboratory or1ented With a
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als. Inquiry was prcmoteud in regular science classes but with all students
in a particular class soluing the same problems, usually as prescribed by a
luboratory manual. Any individual inquiry was uot directed or supervised

-t

by cthe teacher and; in many cases, not even encouraged. There was not

enough time in the regular classroom to cover necessary material or to
truly help students develcp their talent in individual problem-solving

{echniques while accomplishing higaly technical procedures. <

For a number of years teachers were required to use a district adopted

text and to observe district wide objectives in regular science classes.

As long as the teacher met the objectives for the course; there was a great
deal of freedom allowed in "how" to teach the course. This is still true

todar. With the la e rumcer of students interestea in technical and
scientific ficlds, we feit a program geared for the special education of

_ these exceptional, gifted and creative students was needed.. We wanted a
program ailowing students to proceed far beyond the best that the usual

scienice curriculum could offer them, especially in the area of inquiry.

Tria ph.losophy of the program developed is that through participation

i research, some students may in fact be able to develop more of their
poteiitial: The express purpose of the program is to develop sophisticated
tectniques tor encouraging independent student investigation and teaching
the skills end concepts for such independent research. It is intended to
teach the Stucents the careful; patient, exacting and creative methods of
study and latoratory investigation used in inquiry by professional scien-

tists. Students learn science through real personal research which might
ultimately lead to publication. They practice scientific thinking and
learn scientific procnsses which firmly establish and further advance the
student toward career goals. ) S

The science research program implemented at Merritt Island High School

began with a series of five grants from the National Science Foundation.

During this formative time and continuing through his retirement last year,

Mr. Robert E. Bruton, our principal, inspired and supported the development

of the program. He encouraged teachers, secured and channeled funds for
equipment, and encouraged students to attend functions, even some distance
from Merritt Island. He also helped establish rapport between the Research
Science Program and the faculty as a whole. His contribution cannot be

overestimated. o ] o o ,
~ In the summer of 1968 two teachers, Patricia Denninghoff and C.D. Gim-
bel; took an NSF spornsored program to aid teachers in continuing district

support of previously funded NSF programs: Mrs. Denninghoff served on &
¢ommittee to acomplish this implementation of continuing support and to
write the proposdl for the organization ofrtﬁé Research Science Program &s

it is today. This was revised in 1975 and again in 1981. The same commit-
tee also produced the current Research Science Program guide for adminis-

trators, teachers;, and students throughout the Brevard County School dis-
trict: S L

- The teachers at Merritt Island High School now consist of Patricia
Denninghoff inﬁBiéiééy,éﬁd chemistry; Kenneth Marx, who also took a NSF

training program, in physics and engineering; and Barbara Louden who has

assisted for the last two years in the areas of mathematics and computers.
o _ OUR FACILITIES S
The Research Science Program functions in a setting which includes two

research rooms,a Sterile room, and an instrumentation room Specifically

for their use. The atmosphere and setting of these classes i5 conducive to
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one corner. The equipment present depends on uhlch vrojects are set up at
a given time and may range from lasers to pumps; from electronic equipment

to fiber OpthS:i The blology research room 1s 5 meters by lO meters and

lets. Present also a e a carbon d10x1de 1ncubator an inverted tissue cul-
ture microscope, a vYefrigerator, and various shelves., Germicidal ultra-
violet fixtures are/ attached to walls above all work areas; and high
eff1c1ency fllters purlfy both 1ncom1ng and outg01ng alr

tory stations around the perlmeter Wlth a fime hood ofi one wall Incuba-

tors, refrigerators, centrifuge, microtome, glove box, autoclave, and a

Warburg appardtus are present also. Two racks of small animal cages and a
nambér of 1nd1V1dual rabbit cages rem1nd you th1s is a biology room. The
nearby science stockroom contains a llbrary with technlcal text books, and

catalogues for use by research students . Outslde, a fence encloses an area

originally intended to be a 1aboratory and a place for a plant and animal

house: This facility has never been built and the area is currently be1ng

used as a playground for the child care classes at Merrrtt island High

School.
In addition to the equipment already mentioned; the research program
has a Spec-20 spectrophotometer; an infrared spectrophotometer, and a gas

chromatograph. These; along with an excellent medical microscope; phase
contrist microscope; the computer facility, the=Warburg apparatus; and the
tissué cu1turé microscopé éré éll ésséntiél to the success of varibué 6f

erice program.

B The equ1pment in these rooms is avallable only to research students
for 1ndependent study prOJects,v non-research students do not use this
equipment. As a result, those students 1nvolved in 1nd1V1dua1 1nqu1ry

probiems may 1eave their equrpment set up as long as. is necessary without

tear of casual or deiliberate destruction of the fruIts of their labor:

A prep room adJacent to Mrs: Denninghoff S room serves s a computer

room. It contalns an Atarl 800 computer, a monltor, disc dr1ve, and dalsy

when Mrs Dennlnghoff?ls ifi the bulldlng .

The research science rooms have space that is adaptable to the set-up
of varled types of experlments This laboratory spdce may belong, to a
particular student for the etitire school year and even carry over for. all
three of the student s years at Merritt Island High School.' In addltlon to

the versatile science classrooms and special research rooms, including a

sterile room built at Merritt Island ngh School using community and parent

provided contrlbutxons and tabor; portions of the program__také place in

NASA laboratories at Kennedy Space Center; and at the FioE{da Solar Energy

Centér; Medlcal Research Inst1tute and Florlda Instltute of Technology,
Ind1V1dual students also work in laboratories at various Summer Sci- I

ence Institutes; such as the program at the Un1vers1ﬂ¥be Florida, as ‘well’

as in industrial 1abs such_as at the Harris Corporation. In general these

institutionis have been well pleased W1th the quality of performance of

25
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research students. Many students have received summer employment,
part-time School-year employment while at college; or while at college,
have cntered a co-op program with the institution which hélped them while
in/high school. ] o -

Most materials and equipment are stored and available to students when

ofie of the teachers is in the building. Mrs. Denninghoff is in the build-
ing two evenings per week for three hours each, on a regilar basis, and

éxtra htours are put in by Mr. Marx and Mrs. Denninghoff when necessary to
provide access to materials and equipment needed to meet certain deadlines
and competitions: o 7 - 7

‘In addition to the daily Research Science class, teachers must be

available t> students for at least eight hoiirs a waek after school: Most
Research Science Teachers put in more than is required.

s . OUR STUDENTS ) -
) Over the course of the years schiools have recognized that only a rela-
tively few students wiil excell in a given field. .As a result; education

in genéral has been geared toward the average student: The research Pro-
gram at Merritt Island High School is designed primarily for -the special
education of exceptional, gifted and creative students in all grades from

10 through 12. It is also considered for the occasional academically
under-achieving student who may become more involved in academics through
an extreme interest in doing independent study in science. _ Physically han-

dicapped stiidents are ernrolled in the program as long as they can meet the
other qualifications. This year's Research science students include indi-
viduals from all .soclo-economic and ethnic groups found in the general
population of the school: o )

Three related qualifications of students are: & willingness to spend

time beyond ordinary assignments and make personal sacrifices to succeed in
the program; perserverance and not becoming discouraged by failure, since
experimentation often results in failures befor: success is achieved; and
emotional maturity; insuring self discipline, cooperation; dependability
and related traits. e o , ‘
Participation in the Ruuearch Program: by the students of Merritt

fsiand High 3chool is expected to cause changes in their behavior in the

cognitive, affective and-psychomotor domains. The nature of many of the

desired learning outcomes is such that complete and immediate evaluation of

the program is impossible. The extent to which a student has acquired the
complete problem-solving skills, manipulative skills, and positive atti-

+udes which are the goals of this program may best be expressed in terms of

long-range behavior, such as success in university level research or selec-
tion of a vocation: R A
o ~ GOALS AND METHODS OF RESEARCH SCIENCE '
Through this program students are exposed to a wide range of scien-

tific problems and possible solutions. They come’ in contact with evidence
that discovery can change the future of the world. The entire program

emphasizes this general idea through specific examples found in their own

research. The Research Science program demonstrates that' the inquiry
approach to problem solving is an effective way to solve any kind of prob-
lem by finding as much information and evidence as possible. Stidents also

learn that the accuracy and statistical analysis of evidence is critical im.
the soliution and its defense:. R o . S
Somie projects deal with socially-related problems such as handicaps,

drig use, effects of alcohol and nicotime; pollution, or other science-so-~

— *

26 .



Q

ERIC

Aruitoxt provided by Eic:

22

ciety issues. Each student s research 1s a unlque s1tuatlon, and through
exposure to the projects of others, each student becomes &ware of inquiry
processes involved in many different scientific d1sc1p11nes and intimately
aware of those 1nvolvedain his own specific project area. ) .
Through project work and the inquiry approach students learn that
valid decisions require an accumulation and c1ass1f1cat10n of ev1dence
They 1ook for and recognize accuracy in informatlon Since decision “making

in social contexts often involves bias, this emphasis on dccuracy leading

to valid decision lnaking is invaluable: Research science students are

intimately exposed to careers which relate to their projects. They meet

and discuss probiems w1th experts in the1r chosen fields: By actually

" performing experiments in the field -and using the inquiry approach indivi-

dually they learn, first hand, how and in what types of environments

research scientists and techn1c1ans work: In some cases they learn that

they do not particularly care for a certain career; but they may alsoc find

one in which they will feel accomp11shment and pride: S
Much of the inquiry agproach used in student projects applies to_ sci-

tions. Some of these are safety and pollution problems and others are
those in which scientific evidence can lead to better decision-making.
They learn that hohésty and accuracy ;ﬁ répbrtiﬁg data is esseﬁtial for

there is a reasonabie probab111ty of his success in its completion: Almost

all projects in this program deal with a probiem which will Improve the

qua11ty of human life in some way while very. few projects deal with "pure"
science projects. The entire program is individualized and personalized by

allowing the _student to select his problem; and then helping and guiding
him through the inquiry approach to solve that problem. . . .
The projects are as diverse as the studentg and. faculty involved.

AIndependent study projects often deal with problems of the community. _One

tenth grader, after presenting his study at an EPA hearing to set policy
for control of sewage ii’itb Sykes Creek received léttérs st’ati’ng that his

déCISan to curta11 this discharge This use of ,the natural enV1ronment

sccurs often in this program with Community resoufces such as industrial

facilities and persommei; iibraries; university laboratories, and profes-

sors; hospitals and doctors commoniy involved: ©Often the students use each

other; other students,; adults,; or whole schools as subjects:

Much of the problem solving that is done by students is of a social
nature in that communicat?on and salesmanship are necessary for success in
getting assistance; both monetary and scientific. Students learn to make
social cohtact by tEIEphoﬁe, letter, aﬁd ﬁersohal 1nterview An 1mportant

from teachers This feedback ernicourages students to bLe concerned with
de11very and appearance as well as substance:
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Cooperative work on problems exists in the form of advice given at

semlnars presented by each student: They frequently "tear each other

apart" at these seminars and all learn thereby Help 1is glven also by stu-

dents already expert in some field; such as electronics or computers, to

those tess expert in that field. The cooperative nature nf the program

leads teachers to believe that the development of the student as a person

is more important than the specific techniques and body of knowledge which

is learned. One can see the Sstudents develop into thinking, learning;

1nvolved young adults who can make dec1s1ons 1n a11 éspetts of life énd

to problem-solving. Since teachers are not expert 1n,all the dlfferent

projects being performed, they must ass1st students in problem-solving

techniques rather than finding "the SOlUthH to the problem. .
Students have a class perlod each day in research under the guldance

of a research teaeher. _In addition, a minimum of four hours per week is
required for additional laboratory or research work with a time log
required to show when and ‘how this time is spent. Each student maintains

notebooks and a file containing the t1mer log, a hyothes1s and problem

Statement, methods arnid procedures required in the research, a research

plan, constltants' names and addresses, equipment used and needed in the

future, and complled data and results:. Each student is required to bring

these materlals to a weekly evaluative conference with the teacher. Each

is also expected to present his research to ait others involved in the pro-

gram in oral semlnar form at least once during a six wetk period and a

written report is required at the end of six to nine weeks.

Each researcher enters at least two of the various competitions avai- .

Iable during the year; including regional science fair, Westinghouse Sci-

ence Talent Search, Florida Junior Academy of Science; and various grant

-programs. During th1s time students are responsible for their own work _as

well as malntalnlng a cleén and organlzed work area. At the end of the

sion and a statement of unresolved problems and the1r s1gn1f1cance.r -
Student project work is done in any field of science in which the

teacherrfeels there is available eqU1pment and expertise for - successful

completion of the research. In thlS program students play an important

role in planning, clasroom management’ and decision-making: Each student

plcks his own problem’ within the limits of feasxbillty, and writes a

research plan; carries out the experiment and comes to conclusions. Each

student determrnes the validity of his results and uses data analysis to

assist him in making these conclusions. All of this is performed using

guIdelxnes deadllnes and teachers suggestions; but remains his own work;

In the fall, students spend considerable time doinig library research;

using this information to write a research plan and d literary paper cover-
ing the topic. They learn to use a word processor in writing the plan and

paper. They also begin gatherlng materidals and equipment for the projeots
clean a lab area and begin setting up exper1ments. Conferences with teach-

ers, and seminars with peers are also common at this time. Teachers also

assist students in locating materlals and equxpment’ order;ng needed mater-

idls and equipment, and supervising preparation of solutions and set-up of
equipment,; and handling of animails: :

28
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Later as students perform experlments and record data they write sta-
tistical programs for the computer to

alyze data: After analyzing the
data; students again use the word processor to erte results. A conference

with the teacher and presentlng a seminar to peers comncludes the in-school

program.
In_the Fall students also beg1n settlng up backboards, making A=V
materials; and organizing ideas to dlsplay work at a fair or. convention.

RESEARCH SCIENCE TEACHERS AND TEACHING

Research teachers must be skilled in recognlzlng creativity and_ in
promoting learning through individual problem-solving activities. = They

must encourage students to learn hlghly soph1st1cated techniques; and help

students sell themselves and their prOJects to Judges and experts who might

be able to assist them: These teachers recognlze that students may be able

to become experts themselves in a narrow range of subject matter, and that

this learn1ng may be more important on a given day than. regular classroom

teach1ng Research Science teachers are willing to give of themselves,

their time; and talents to a degree that does not seem common among science
teachers outslde the program.

Teachers plan lessons which apply to all students such as how to write

research plans, grants literary papers; or logs. Teachers also develop

plans for using a computer or word proessor and proV1de deadiines for

accomplishment of various tasks. They evaluate the program through evalu-

at1ng individual students and comparing their success with that of programs

in other schools of Brevard County. Post- graduatlon success of students in

"has been done on a formal basis by the Unlverslty of Central Florida. Stu-

dent sucess can be used to evaluate teachers in the program as well.

s.universities and careers also has been used to evaluate the program. This

The most 1mportan strategy for a research teacher is to show

genu1ne concern for the student and his progress, and then to encouradge him

to succeed One aspect of this is requiring conferences and seminars on a

regular basis in order to keep communications open and to help students

avoid the disasters of procrastlnatlon In our Research Science program,

one hour per school day is allocated_ for class time. Dur1ng this time two

instrnctors are available for consultatlon In addition each student ir

requrrOd to spend an average of four addltlonal hours per week in project

work. Instructors are available for & minimum of elght additional hours

per week for student guidance. Those students not fortunate enough to be

in the labs because of the time factor or scheduling problems are expected

to spend the same amount of time, although not as much of it will be while

instructors are &available for assistance:. &4 unique aspect is that the time

scheduled is flexible enOUgh for each student to work around other activi-

ties such as band; football; or club meetings.

Deadllnes are presgnt”;~rrod1cally, but the students can corceritrate
their efforts at times other than those selected by fellow students This

allows for the participation of these gifted students in many of the varied

dctivities of their choice and they can still give enough time to their

research problems to do it and_ themselves justice. S
In early fall teachers hold conferences with students; attend and

evaluate seminars; and take students to the llbrary Teachers demonstrate
how to do a llbrary computer search, use catalogues, fill in requisitions;

and use the computer and the word processor. Later on; teachers supervise
the set-up of projects and actual experlments and evaluate written. materi-
als from the students. Another important job of the teacher is to help the
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students locate experts in their project areas with whom they may

comminicate by telophonn latter; or personai interview:
A unique aspect of the sequence of instruction in the Research Science
program is tho Indtvrdna}rty of student-teacher contacts. Some students

are in the vory boglnning of deve]oplng prOJects and need adV1ce on pIOJECt

and may rneed muck more in the way of technical assistance. Tn the research

science classroor teachers avoid the use of a rigidly structured classroom

and instruction :akes place in a one-to-one situation with very few lec-

tures. Tris individual instruction is necessary because of the diversity
of the topics selected by the students; rarely are two students ever work-

ing on the same prOJect To faCili'dté positiVé évolution of thé program

toward the program and share recognltlon as w1dely as poss1b1e Teachers
also need to encourage students to Set deadlines. and avoid procrastination
since unnecessary burning of midnight oil seéems & major cause of failure to
complete projects. Tedchers rneéd to see that studerts do not get behind in
other academic areas, sirnce this tends to cause irritdtion and a negative
att1tude on the part of parents, other faculty, and adm1n1strat10n. If orne

1ty of the structure, maklng the program only available to certain setect

students, and make the require~ ments such that they could not poss1b1y

participatre in other school funictions: This would turn the students into

outcasts and drive them away; thus killing the program.

NSF sponsored institutes and various district inservice units have
been used to train new teachers in the Research Science Program. In_addi-
tion, the district Research Science Program guide has sections outlining
duties and responsibilities of administrators; teachers; and students, as
well as guidelines for student involvement.

The role of teacher education workshops,for th1s program has alwaYS
been a forum of communication. In these workshops, information is shared

concerning deadlines, requirements, new rules and new competitlons. In
addition, these workshops offer the opportunity to share what is going omn

in all the dlfferent programs throughout the dlstrlct These meetings at

the upcoming year.

RESOURCES
The written andifnstructional materials consist primarily of periodi-
cals, reference sources,; and scientific journals. Since the first phase of

student research Involves an extenslve 11terary search to locate _sources

dent's area of research,
Materials other than r- 1nted matter are used extens1ve1y in the

Research SCiénce program. Ncarly every student has personal contacts with

a university profesor at Florida Institute of Teohnology, UnlverSIty og

Central Florida, or the Un1vers1ty of Florida: Thesc people serve as

refererice and gu1dance persornnel: Some students attend symposia such as

the U.S. Army, Unlver51ty of Florida Junior Science Engineering and Humani-

ties Symp051um which allows them to visit several labs of their choice and

to hear excollent speakers im the field of science and humanities.
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FENERAL CALENDAR GF EVENTS

be leLLod”to,the,follow1ng

I. First Six Weeks

Project selection

A. 4 conferences with a teacher

B. 2-5 trips to research libraries
C. 1 seminar presentation

Due: Research Plan

Il. Second Six Weeks

Paper development

4 conferernices with 3 teacher
Additional library trips as necessary
1 seminar presentation

Due: L1terary Paper,

o0 w >

111. Third S|x Weeks
Data Collection
A. 4 conferences w1th a teacher

B. Individual lab work

C. Data collection and analysis
D: 1. semIgEgﬁpresentatlon _
Due: Preliminary experimental paper

Westinghouse Science Talent Search (for seniors)
IV: Fourth Six Weeks
Project Assembly ,
A. 4 conferences with a teacher
B. Assemble hardware,rdlsplay uriits for project

C. 1 seminar presentation

Due: Project Ready for Presentation
V. Fifth Six Weeks

Competition

A. & corniferences with a tearler

B. Prepare presertatlon for oral presentatlon

c. 1 seminar presentatlon video taped

Due: Reglonai Science Fair

State Science Fair
Taient Search
Junior Academy

VI. Sixth Six Weeks

Wrap-Up

A. 4 conferences with a teacher

B. Compile final paper for inclusion into permanent files
c. 1 semlnar presentatlon

Plans for fcllow:ng year._. .
EVALUATTON

Judging at science fairs is not only a matter of seeing who "wins"',

but a way of evaluating the work of each student. This prImarlly is done

by suggestions made by judges either directly to the student or on his jud-

ing card: The prlmary evaluation of student progress in this program is

the profe551onal opinion of the instructor based on weekly conferences;

monthly time logs,; and daily observations. During the past twelve years,

31

[y



Q

ERIC

Aruitoxt provided by Eic:

27

thirty-six research science students from Merritt !sland High School have

entered the Westinghouse Science Talent Search. Of these; eighteen have

pldccd in the honors group and four have been finalists. One; a top win-

ner; 1s now attendlng Stanford Un1Vers1ty u51ng the Jcholarshlp she wnn

c1pants per fair over the past twelve years . In eVery case MIHS had more

winners than all other schools combined. As an example, in 1980 MIHS
research students received .ten of the possible eleven first place awards at
Regional. _Of these; all placed in the State Fair competitior ree
receiving first place awards with one gaining entry to the Inti .onal
Science and Engineering Fair from the State Fair. In the 1982 . iorida
State Science and Engineering rair, Merritt Island students, 11.3% of the
participants, took 23% of the place awards. Since the beginning of the
program at MIHS, seventeen students have won trips to participate in the
International Sc1ence and Engineering Fair.

~ At all of these falrs studerits have won many Spec1al and place awards
1nclud1ng three London International Youth Science Fortn1ght trips, one

trip to the Tokyo Cherry Blossom Science Festival one trip to the Nobel

Pirize Ceremonies in Stockholm, Sweden and one trIp tc the Virginia Youth

Scierice Camp ThrEe students have won Navy €ru::-¢ Awards; while others

have won trips to research facilities from the Army,; Navy; Air Force; and

one trip to the Thomas Edison 23rd International Birthday Celebration. Two

student researchers have had the1r papers publlshed under thelr name and

whlle at Summer Science Research.
Since 1968 98% of research science participants have gone on to hlgher

education. Of these; many have received scholarships attributed, at least
partially; to their project work - Many have written letters or told how
they feel their Success in college has been eilidficed by their previous work

on a project. One was a student who said that the experience of contact-
ing, conversing, and acquiring gifts of research supplies, materlals and

s1dents of companies was invaluable to him as he has been able to use these

skllls whlle attending Carnegle -Mellon Univer51ty He also received summer

employment from one of the companIesrwhlch supplied him with materials for

his proJect He feels that having ups and downs with his project helped

h1m to cope with occasional failures in college; and kept him from joining

s0 many of his classmates who dropped out of school. In an evaluation by a

University of Central Florida; we found that of the 98% of the student par-
ticipants going into higher education; over 65% received scholarships _for

advanced study. Last year; our seventeen graduating Research Science Stu-

dents received $140;000 in scholarships. p
_ Former students are attending un1vers1t1es f rom Stanford to Harvard,

graduate schools such as Princeton and Cornell, or are graduates in fields
+uch as medicine and rnuclear engineering. One student put her Writing

skllls to work as a speech writer for a former Vice-President of the United

States.
SUPPORT

Parents prov1de support transportation to various events; supervision

when several events take place simultaneously, and raise funds for special

equipment: Their most valuabie contribution comes in the form of encour-

dgement of their chiidren Without this support very few students would

remain in the program for long. The administration of Merritt Island High
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Schiool provides support for the program in many ways: Administrators allow

instructors academic freedom to handle students as they see fit and view

their role as one of siupport, both financial and moral. They also serve as
primary communicators between the program and the county and coordinate

inquiry ac! ties with those of other activities in the schocl and with
other faculiy members. The allotment of class time for classes with as few

as seven students is one sign of support which is not always given in other
districts. . ) , ] ) - o
The district central administration has helped by providing transpor-

tation and organization for student participation in a number of science
fairs, from Regionals to therfnternatioﬁél Science and Engineering Fair.

1t also supports a limited number of teachers attending snd chaperoning
students at these activities:! The science resource teachers, Mr. Craig
Brosius in earlier years, and now Mr. David Murray, have assisted in coor-
dinating these activities on a distiict basis. Evidence for <his district-
wide support appears in the current existence of Research Science classes

f the district as well as each of the thirteen

in all ten high schools o ir
junior highs: Mr. David Murray, originally teaching at a local middle

school with an excellent Research Science program, has coordinated all sci-

ence fair activities for our_ county Since becoming resource teacher and
assisted ir some revisions of the county's Research Science program. He
also has helped in providing liason w?th NASA and various industries in our
county «as well as with science departments dt nearby colleges and universi-

ties. He serves on the board of the Florida Foundation for Future Scien-
tists. o , - ] ) .
Financial support comes from the administration in the form of - fund

approvals for special equipment and svecial trips. County funds of $550

per y-ar have been provided to each research science class for equipment,
supplies, and travel to libraries and competitions. Brevard County also

provides a $1,065 supplement to the teacher's s;alary for out of school
activities. S S L - i
This school's administration also looks out for the well- being of the

program on the county level. Most importantly, administrators attend the
science fair and awards ceremonies. Their presence and recognition of stu-
dent achievement is their most valuable single personal contribution in

support of this program. _It is our hope that the adwinistration will con-
tinue its support especially at the county level where budgeting decisions

are made. Their support in this area could result in funding at the same
of increased levels, rather than having us suffer expected cut-backs. The

school administration could encourage a more positive attitude toward

encourage Research Science teachers to do the same for other programs.
This could have a positive effect on increasing the num er of students
ifivolved in the program: :

Decisions concerning budget are pté§CtiBéd by county policy and are

uniform throughout the county while curriculum muteials are selected by the

local program: Teacher inservice an’ evaluation are done on the county

level by the science resource teacher. T -
~ Professional organizatiors such as NSTA and NABT have played a large
role in the development and support of the program. These organizations

have provided competitions which served to motivate the students toward
Success and provided guidelines for the use of dangerous chemicals; labora-

tory animals; and possibly dangerous equipment such .as lasers. Various
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profess1onal Journals such as The Phys1cs Teacher, The Sc1ence Teacher, and

portive and 1nvolved Members of the science department; math department,
English department; electronics department; and shop department have all
proVided .Assistance on_ E‘tu'de'n't prdjacts Engllsh teachers proofread

tlstlcs, and shop teachers assist in des1gn1ng and construct1ng prOject
components.

Sciernce teachers and others also support the program by hav1ng semi-
nars by research studentsrln their classrooms.,,As an example, a student
Semiiiar on pollution in a8 local setting fits well in ecology classes or in
social Stiidies classes. Or a project Whit:h uses a computer to ShbW molecu-
lar structure is used in a conputer math class or a chemlstry class ThlS

the capab111t1es of the researcherrlnvolved The program enJoys outstand-

ing community support and strives to remain responsrve to community changes

by maintaining contact with tocal scientific organizations such as the

Heart #Association,; the Technicat Engineers Society,; and other corporatiomns

in the communlty This contact is beneficial with students perform1ng ser-

V1ces for _some. of these organ17atlons ano the organlzatlons support1ng

Changing the _evaluation system _to . better reflect goals and needs
requires very careful consideration. Evaluation needs to remain invdividu-
alized with emphasis on effcrt and performance versus capabilities. Evalu-
ating stideiits on the basis of awards penidlizes students who choose to
investigate topics in the less spectacular areas of scierice. For d@ syster
of evaluation to work, teachers must help students eliminate prOJect ideas
which are too difficult and not likely to meet with success for it is dif-

ficult to evaluate a student's progress if he never comes to any kind of

conclusion: This is also immensely d1scouraglng for the student:

Additional Evaluations which would be useful are accurate surveys of

past graduates and determ1n1ng career choices; successes; and needs. At
the present time we are able to keep track of only some students who volun-

tarily return and keep us posted. o
THE “UTURE

Economlc cond1t10ns make the evolutlon of th1s program uncertaln s1nce

the development of progects or the purchase of new equlpment. On the other
hand, if second yedr science courses are reduced because of budget,

Research Science enrollment mlght increase, although this would further
strain the research budget. With a possible rebirth of an emphasis on sci-
erice, th1s program should contlnue on a fairly even keel through tbese

hudget cuts. It wrli mean more fund raising activities on the students'

part; and more care in the selection of projects; but these two things are

not necesssarily bad; and can actually be positive forces in the evolution

of the program A very pos1t1ve change that we would like to see in the

program is the inclusion of more students T1me requ1rements made of the
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research. A pos1t1ve but possibly unattainable change; Qouid résuit in

inclusion of those students: If more local recognition could be given to

successful students, in the medra and at school 1t m1ght cause the program

the time for a project. Research would also benef1t those more average

students who succeed in science classes but have little opportunity to

j really "do" and understand science. Perhaps science literary would be

enhanced in all students if they part1c1pated in Research Science.
o 1f a teacher wanted to start a similar program in another setting they
would have to sell the administration on the program by citing examples of

how other programs have benefited students. The next step would be to ~
affiliate with some organization; such as NSTA which could provide a stage
for competition. Success of students will selL,other students and the
.administration on the worth of the program. Beginnirg .a new program
requires a positive attitude. A possible good beginning would be to get a
few select students involved in inquiry with a helpful professor at a

nearby university or perhaps a local doctor or engineer. In the meant ime

the teacher should be working on developlng his school facxiitles and per-
sonnel, and working with just a few studenss in a field in which the

teacher is knowledgeable A wide range of disc1p1ines must be presented to

the h1gh school student so that they can "elect toprcs which interest them

for students must be enthUSed to carry out extensive projects.

Although téache*s must have considerable subJect matter knowledge,

Just as 1mportant is 'a positive attitude and skill in directing and moti-

vating students: The most effective teacher is not the one who kinows the

most, but tiie ome who can work with students in an encouraging and gentlec

way so the students develop ideas from suggestions; activities, and read-

ings. Too much direction and student initiative which is so important to a
successful project will be lost. It is also important for the teacher to

project to the student that he cares not only about the project but about

the student as well. -
The rewards for teachlng in the Research Science Program are not tan-

gible but lie in the feeling. that you have worked together and you may have

helped a student g0 on to bigger and better things: It is much like a

parent who did riot have a chance to go to college witnessing the college

graduation of his child: It feels good to have a student return who is now

teaching science or who earned his M:D:. or been hired to direct a large

corporation: It is also good to feel that your efforts have helped a stu-

dent into a kind of life whch he wil enjoy as well.

We are indebted to former Principal Robert E. Bruton who encouraged

and supported the program from the beginning and Dean Dor1s E. Glenn who

encouraged the writing of the original entry in the Search for Excellence
in Science Education for 1982 and who has supported all research students

with any_ school-related problems, (For add1t1onal 1nformatronﬁion7 the
Research Science program as it is 1mp1emented throughout the Brevard Gounty
school district, see the 1983 NSTA monograph, Centers of Excellemnce: Por-

trayals of Si> Districts.)
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Chapter 3: Creative Inquiry-Based Science Program

By
Donald L. Birdd

Model Laboratory School
Eéstérn KentﬁCRy University

Model Laboratory School of Richmond, .Kentucky is located in the

south- central area of the Kentucky Bluegrass Region. This city of 20 000
‘promotes a mlddle class life style that focluses on two primary induStries:
agri- bus1ness and higher education at Eastern Kentucky University (EKU),
the state's third largest institution of higher learning. Many other light

industrial businesses are located in Richmond as well. Twenty-two miles

south of Lexington, the community exhibits the typrcai urban sprawi associ-

ated with the close geographrcai reiatronshrp of two popuiation ceriters:

Richmond contimnues to grow despite the economic downturn: Richmond is aiso

influenced by its proximity to the Aﬁpalachlan Mountain foothills; conse-

quently, there is a blend of the "hand-crafted culture" and that supported
by our high technology society. ] o .

] Model Laboratory School; a supporting department in EKU's College of
Educat1on, 1s admiﬁlstered by a dlrector and ass1stant d1rector Thé stéff

grades preschool through twelve, Thls well tralned staff of teachers works
at appropriate grade-levels and in spec1f1c conitenit areas. They provide
service to students from the College of Education in their pre-service pro-
fessional education course requirements by providing opportunities for

observation of exemplary teaching and part1c1patxon in classroom envirom-

ments:. Model Eaboratory School also serves as a dissemination and training

center for many instructiomal programs:

The physical structure ‘has laboratory or modified laboratory fac1li-

facilities available as a greenhouseL planetarium or anlmal rooms. Two
environmental study areas are available--one within walking distance and
the other is the university's 1800 acre outdoor environmental education
center located in the Appalachian foothills. Students are transported
théré tﬁo tlmes per yéar B Studénts in blology presently tour the green-
51tyrs planetarlum becomes operatlonal the staff and fac1lity will be
available for use by our students in both earth science and physics
classes.

Enrollment 1s open to ull students and; to avoid an elitist image; aill

student names are placed on a waiting list: The student population drawn
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is composed of 50% EKU faculty children and 50% community-at-large

children: Each group is further divided evenly by gender. Class size is
generaily iimited to 60, although this number varies slightly from class to

class:
. My classroom 1is tradltlonally rectangular and only 26 feet X JS feet.
A& small office and a storage room are on one side With & bank of windows on

the opposite wall. Narrow laboratory work counters are located alongreaeh
side wall and drawers and cabinet space are locdted below the counters.

Each counter contains sinks, electrical oiutlets, and gas hookups“‘ Large
laboratory tables are clustered to accommodate groups of four students.

Two other large cables in the center of the room provide dissemination
points for materials which are not mnormally found on shelves 777ThIS

arrangement provides for easy student dccess and moblllty & typicatl

demonstration desk is on the blackboard end of the room and a mIcroscope/

specimen cabinet, sheIV1ng and work table are located at the opposite end.

A large fresh- water aquarium is in the room entr&way wIEh shelving on the

wall dbove and cabinet space below: I eyegrmake use of the ceiling; it
becoiies a bulletJn board and student progectg are suspended from the light
fixtures 4as well as from the CeIIIng Posters of current interest are

attached to the corridor walis outside of the room.

Our old science program was one based on themprlnc1pIes or1g1na11y

established by projects of the sixties such as BSCS Biology and ESCP

Earth Science: It was inquiry oriented but was beginning to show signs of

a more textbook- centered approach on my arrival in 1980.

I do not view this 'Creative Inquiry-Based Sc1ence Program as new bﬁt
rather as haV1ng evolved from the orlglnal inquiry program since inquiry is
inherent in Model Laboratory school s total scierce program A recent

psychology into ,the currlculum came about probably because of my own

research and training in these areas. It seems apparert that students were

enjoying Science, but, with this newly incorporated understandlng of the

learning process, I feel students will learn and have an even better exper-
ierice in the science classroom:

The move toward teaching from a developmental psychology perspectlve

began with middle school science students in 1979 when Dr. Michael Wavering

was Yired as a Physical Science instructor. When I was h1red in 1980 as
Eafth and Eife Science instructor; I 1ntroduced brain hemisphericity and
creativity and continued the teaching style introdiuced by Dr: Wavering: I

am not sure that this program should be termed sudden or new. Our creativ-
ity-based program was just_a different approach

Originally, I learned inquiry tedching through NSF sponsored insti-
tutes and through texts Whlch promioted this learning process: Later; our
instriuctors gained their background through coursework and classroom teach-

ing experience. The current creative knowledge aspect was gained through

classroom teachlng experiernce and course work as well as through informal

conversations. I have always believed that a classroom should be a place

of fun. ObV1ously, a classroom where lots of activity goes on is going to

be more enjoyable than omne where only teacher talk occurs. Completion of a

course in creatIVIty wh1ch empha51zed bra1n hemlspher1c1ty congealod many

experIences as a good way for young people to learn

Since the inquiry process approach was establlshed from amn eqqument

and text point of view much earlier in the school's history, I SImpIY came
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in and altered the way events occurred in the classroom: Discussions

concerning learning theory and brain hemIspherICJty take place at the open-

ing of the schootl year As events occur throughout the school year; refer-
ence is always made to correlate; justify or support the earilier state-
ments. Many project activities; field trips; and other events are

proposed; carried out; and related to earlier discussions and activities.

Model Laboratory School is strongly committed to the inclusion of
field trlp exper1ences in appropr1ate curricula. Another comm1ttment--long
term in nature--is assigning a research paper on a controversial 1issue in
science. Students walk to the un1ver51ty,11brary once a week to complete

the research component for the paper. The 'creative snack", a day:set
as1de each nine week grading period; represents wnat each younsterrléarnEd
and is constructed of a "food stuff''. It is simply a way of showing what
+he student has learned and yet allows the students to have a fun experi-
ence. The field trip component of the program is dependent on parent
voliunteers. In addition, beécadise Model serves as a teacher preparation
institution, pre-service education majors take part in 'm"a”n'y activities”

which occur in the classroom. In addltlon, teachers support the field com-
ponent of my program. Really,rwe support omne ‘1other Agaln, this is 1

unique feature of our system which we hope to gemonstrate to teachers in
public school systems

The Earth Science field-trip campout to Mammoth Cave could not occur

w1thout parent assistance. And; parents are encouraged to join in other

f1e1d trIp actIV1t1es as a matter of personal 1nterest. leferent parents

public relatlons is estab11shed with these well organlzed fleld experl-

ences. University students help as well. Because of our situation/asso=~
ciation with the College of Edication, I use pre-service ediication majors
in many éréas--both field work arnd formal class involvement. Although

these students attendance is 1nterm1ttent mé students feel free to work
with them whenever they are present.

OUR PROGRAM

Students and the activities they complete are

e focus of the pro-
gram. Instructional methods--laboratory sessions; student centered 1nqu1ry

discussions; student presentations; teacher led d1scus’10ns, media presen-

tatlons and 11brary research w1th panel d1scuss1ons and other reports vary

time passes too qulckly
The syllabus with many_ of those approprlate actlvitles completed for
ééch course is prOV1ded below, the 11st is not 1nc1usive. Students are

and that we will generally follow it in the order suggested although

changes fidy occiur. S
Students generally work in pairs or groups of four. Materials and

equipment are readily avaiiable and once obJectives and the procedures are

understood, students move on into the investigative step. Some class time

is usually provided for students to complete their laboratory reports.

These reports follow scientific format,; BUT students are encouraged to be

creative in how they fill in the format skeleton.
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Many special activities which students enjoy take place in this class-

room. The controversial issues paper challenges the students to carry out

library research and then pnt their findings on paper in a logical manner.

Althouygh it is a different type of assignment; students often return to
indicate their appreciation of the required research and specialized writ-
ing in a science class: Field trips are an important part of the curricu-
lar activity for each academic area and are scheduled to coincide with spe-

cific classroom activities.
Goals for the Science Program at Model (not in order of priority)

Foster positive student attitudes towards sciefice
Develop scientific literacy and openmindedness
Develop an understanding of the nature of science
Develop skills in the use of the processes of sciemnce:
Develop logical reasoning through the
Use of laboratory experiences which pose questions
students must solve and not merely confirm what

~ has already been dorme. 3 :

6. Develop kiiowledge of science subject matter
appropriate to cognitive level:

v B LN

7. Prepare the student for further study of science.

at the college level, careers in science, and related
~ fields.
8. Give opportunities for participation in

~ in independent research o

9. Encourage creativity in the search for new

solutions to both new and old problems.

Students discuss futurism in the area of genetics, alternative energy
sources;‘and current societal issues. Sometimes these focus on anticipated
changes based on prior changes. Biology students also investigate what
pond water is all about. This ecosystem is examined macroscopically,
microscopically and from a chemical analysis perspective. Students inves-
tigate the plant community in several ways: quadrant analysis and
initerpretation is based on their field experience at Maywoods; photosynthe-
sis and osmosis are investigated in particular laboratory experiernices;
plant growth is examined in two specific units; and animal organization and
funiction are examimed during a six week dissection unit. Earth Science
Students investigate erosion through use of streamtables. They investigate
air, earth and water heat holding potential during a meteorology unit.
Puring a geology unit; they use crayons to investigate how rock types form.
Students get a better understanding of density, both in ocean water and in

air; through a modification of the colored solutiomns activity found in the

Stiidents complete a controversial issues research paper and; although

I request that they not take a stand, I believe after they pursue both
sides of specific issues they are forming specific opinions. At this point
in their lives I believe it is important that they be able to sort out the

facts in issues and therefore approach complex situations with an open
mind. Career awareness is dealt with in a special manner. Although spe-

cific questions concerning careers are handled as spontaneously as they are

raised, I also take time to deal with careers which require course work
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completed in are:s of science and math. Fiurthormore, last. year an EKU
Biology Club .student attended each class and discussed Science and math
from an undergaduate student's perspective. My students were very recep-

tive; they asked many good questions.
Earth Science students dcal with energy and space-age. technology cori-
corns: These concerns are raised during usudl topical units and at other

timas when they might have newsworthy significance. Biology students typi-

caiiy raise questlons of concern during topics such as genetics, medicine
and retated technology. or evolution. Howéver, becaiise of the discussion
nature that the c1assroom atmosphere prOV1des,, students m1ght raise an

period on it.
Although a syllabus is prOV1ded each student at the openlng of each

school éear. I feel it is more important to learn that with which we deatl

than ¢over all the 1nformat10n This allows for flex1b111ty since we may

not cover the topics exactly as listed. However, all topics covered are

dcalt with in a hands-on approach where students are actively involved.

The topics are Scientific in nature, but we try to deal with these as they
reflect uUpon Us in our presernt llfestyle

Studernits . are contlnuously being confronted with situations wh1ch cause

them to make decisions. They are formulating a philosphy of 1ife® that

ulL1mate1y affects their community_through the decisions they maké%mow--as

well as those they w;ll make later. They see and" feel the importance of

relevance Last year our student counc11 SurveyEd Students on how the

"always") 64% of students in Blology rated a & or 5 while 44% of earth sci-

ence students rated this a 4 or 5. _Science is not approached as @
"detached' segment. Rather; it is taught as an integral part of a young
person's life and that it plays a S1gn1f1cant role in shaping values .

Recognizing that individuals are indeed dlfferent mamny assxgnments

have options. Furthermore,rlncompletes are glven at the end of a grading

period if difficulties are identified and an incomplete will alleviate the

concern. I hold many student-parent- teacher conferences where the student
is a the focal point of the conference In aimost all cases; I refuse to

discuss student progress with a parent unless the youngster is present to

participate in the discussiom:

r‘he creatheﬁju?gects p1ace ‘gféét _emphasis on. indiVidual student

December, 1982 issue of THE SCIENCE TEACHER, "Trimming the Creative

Tree:") Completlon of the laboratory manaal is also an individual's attempt

at creative expression of what went on in laboratory investigations.

This creative inquiry-based science program is founded on estabirshed

learning theory principles. Not only does it support the four areas of

development psychology, but it has a specific cOmponent based on braIn hem-

isphericity. Our sSociety Hhas been taught f*om a "left- hemISphere approach

entirely too long I am not advocat1ng that we ignore the left hemlsphere,

but I insist that the r1ght hemisphere is important also and educators need

to begin educating the total brain:
I believe the emphas1s is on the student--not on the content. Bécausé

I do not believe in the '"coveriug" syndrome, I tell the students that the

syllabl are guldes and not edicts. As noted; the syllabi presented, to stu-

dents display typical content areas one would expect to find being dis-

cussed in any Biology or Earth Science class. I believe that the differ-
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ence (from the norm) is that my students are approached in another
manner--no content is ''essential;" but rather students need to be assisted

in rational understandlng and dec1s1on -making processes. They need oppor-
tunities to become scientifically literate and be able to discuss, manipu-
late; research; and observe. Any contéent dred will assist them in this

Students_ play an 1mportant role in my classroom.r dnce the syiiabus is
establlshed showing general direction for the year, students can offer sug-
gestions. An example is B.W.'s suggestion that we invite his karate

instrictor in to disciiss acupunctire. The topic w111 be 1nserted4}n7the
an1ma1 d1ver51ty unlt and correlate Nlth development of the nervous system:

11st.7 It 1s not uncommon for students to suggest that we do a special

experiment Whlch would enhance understanding of a specific lesson: Such

sporitaneity adds zest to classroom life and & student caused change in the

original lesson plan may be to the teacher's advantage: Peachable moments

should be prlzed' Studentsffrequentiy make suggestions and if at all pos-
s1b1e, we honor their requests:

EvaluatIon of any program is very important in order to assess the

program s success as well as the success of 1nd1V1dua1 students. Gener-

ally, student evaluation is considered in four areas: 1) Quizzes. Scien-

tific literacy is sought through student-generated wordlists. Students are

expected to be able to spell, define and use each of the terms in a sen-
tence. 2) Creative projects. Students construct a model, Wwrite & poem Or
narrative; or do something concrete which demonstrates what they Ilearned

during the grading period. They also prodiice and discuss with the class a

food product which_ represents what they 1earned 3) Laboratéry books :

These are examined for Scientific literacy as well as creative expression,

but they must follow a scientific format: 4) Particlpatlon it seems rea-

sonable that if students are expected to be doing Science in your class

that you give them credlt for thelr efforts:

Students also get to evaluate the course and me at the end of the

school yedr: Although this r&cord does not go down in official files; I am

plg§§ed with student perceptrons of what and how ''thimgs" occur in _my

classroom: Obviously, I have some rough edges; but [ also consider that

each 1nd1v1dua1 student may perceive events differently from h1c nPlgthI.

rogram success .can be measured in several ways. ' One important cri-
terion is reference to the increased numbers of students ele-tlng to take

the next level science course offered. It,;srs1gn;f1cant hat Chemistry
has gone from one class per year to two. Additionally, phy51CS enrocllments

also have increased so that thr course is offered each year: These enroll-

ment diffe~efices represeint 33 and 50 per cent increases, respectively:

Mar azement in an inquiry uriented classroom requires organization. A

1eve1 of tolerance for a large amount of student actxvxty is essential and

noise level in the classroom obviously spills out into the corridor at

times--so do students! -Student evaluations demdnstrate that they aren't

sure that I always do have control; however. On: the other hand preservice

education observers indicate that they see a great deal of intellectual

freedom with recognlzable control of other behavior. o e
Student scores on the Comprehensive Test:* of Basic Skills (CTBS)

demonstrate their high academic ability. Their sScores average above both

the state and national averages. Many students receive full academic sC cho-
larships at major universities; many students are cited in the Presidential

> ‘
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Scholarship program (any student with a 27 or higher ACT score qualifies).

The 1982 graduating class had five of these recipients. The class of 1983

has two National Merit Scholarshlp Semifinalists; a number consistent with

recent graduating classes. It is fair to conclude that our students are

academlcaily well prepared in general terms and that they demonistrate &

high rate of success in college.

Because we as educators understand more about 1earn1ng and patterns of

learnxng, we ought to provide students with as many varied learrning dctivi-
ties as possible. This implies that our teaching strategies will likewise
be varied. The strategiés employed at Model Lab School include, laboratory
experimentation; discovery approaches, disScrepant events, questioning
styles; slides; filmstrips; film discussions, student reports, creative

prOJects and discussions; library work, panel discussions, field tr1ps,7an§

guest lecturers. A varied style of teach1ng demonstrates to students that

the classroom does not have to be the "saiiie old th1ng day after day: They

Instruction is student oriented with me as a facilitator and with stu-

dents the focal point. If students are performing iab exercises 1 attempt

to raise questions whlch make them thlnk about what it is they are d.ing
and why they are doing it as they are.
A visitor might observe a teacher doing a variety. of th1ngs--a11

related to the inquiry approach to learning. For example; the teacher

cou1d be assisting students im a model building activity by asking diver-

gent and appropriate convergent questions; employing better wait- time than

perhaps the average teacher; involving the classroom students in the activ-

ity--not just talking about what could happen; and 11sten1ng to students as

they deliver their presentations on their creative projects. Whatever it

is that a vis1tor <ees, I assure you that 1t w111 be different from the

The adm1n1strat10n encourages teachers to develop innovative teaching

techniques. They Support activities which encourage student understandin

of concepts. Examples of this support include recognition and support of

the extens1ve f1e1d- trip program instituted at Model in the Earth Science

Students receive admInIstratIve support and encouragement as ﬁéll

Excused release from school is authorized for attendance at Western Ken-

tucky Unlversity s Science Career Days; Kentucky Junior Academy of Sc1ence

and the Loursvxlle Science Symposium. Students receive excused absences to

attend other science related activities held on the EKU campus.

Many of the written materials that I use in my classes were written

with specific inquiry processes in mind. I have activities organized for

both Earth Science and Biology classes. . Packets written include field trip

activities for Maywoods Environmental Education Center, Red River Gorge and

the Cincinnati Zoo. I have pit together a packet of investigations used by

students during a six week dissection unit which traces animal development.

1 also have assembled an 1nVest1gat1ve plant growth and development .unit.

Earth Sc1ence students have many-activities which allow them to inves-

tigate maps and the _process of map making; astronomy; geology and forces of

weathering and ‘erosion: Laboratory investigations from several sources

have been modified to be more 1nquiry oriented. .
Audio-visuail productions are incorporated into unlts as approprlate

The Search for Solutions series is used extensively. The Shell Film

Eibrary,; Bureau of Mines film library and Modern Talking Picture Service

.
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are soirces of free films used. Because of my personal travels, I have an
extefnisive sllde collectlon upon whiich I draw.

Outside speakers are invited in to discuss selected toplcs and to work
with specific groups of students:. An individual will be diSCUSSlng acu-
puncture w1th blOlOgy classes and two or more EKU biology club students

math courses for most eareers--not Just to become a scientist: The stu-
dents are also informed when the Audubon W11d11fe Lecture Series is availa-

ble on campus. Activities are scheduled on a weekly basis and students

know in advance how they may schedule their time:

Students complete the ESCP Contour Map Model activity learning more

about the meaning of contour limes: Once students understand the concept

of slope as provided by contour lines; they move on to an activity inter-

preting National Park topographic maps: Student groups rotate from table

to tabie InvestIgatIng specific features of each area. Once they have com-

pleted this series of actlvity sheets we have a map 1ﬁterpretatlon discus-

sion. Then; student palrs construct a 3-D map representing a landform from

a contour map. Each pair of students makes it three dimensional using
cardbtoard strips; colored construction paper and glue. Throughout this
time; students have access to their text; a U.S. government publication on
topographic maps; and a slide presentation which I made based on tours of
the Wisconsin Highway Department and the map making section of the U.S.

Geologic Survey. In an activity such as thlS, students make many decisiois

about hHow and when to do- the dctivity.
I attempt to slip into a new unit w1th a hands-on activity Which can
be referred to throughout the entire unit. This promotes high student

1nterest' student motivation heightens and we' Te off. Throughout a three

to four week unit students will be involved in a variety of activities--

lab experiments, student projects; library work, dIscu551ons, films, and

siides: At appropriate placeé, students organize their own list of terms

which they consider important; I assist them in the process but do not

direct. They do remarkably well highlighting significant terms. In fact;

sometimes they insert words which I would not. The day before a quiz,
which is geared toward scientific literacy, we have a "bowl" contest or a
modified "ball game." Orie thing is certain--if the class isn't any fun--

or at least enjoyable, it will be considered as "boring éﬁd too long" by

all of the students. Furthermore, the teacher's opinion won't matter.

EVALUATION
Students understand that I do not believe in memorizing facts and
tests which measure this: Furthermore; I don't believe in tests. Quizzes
in my room are used as devices to encourage scientific literacy. Each
class makes up a word list; terms which they believe are important based on
our discussions and activities. It is usually limited to twenty words.

n1t10ns.
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One component of how my students are evaluated _concerns part1c1pat10n

proceduresrpafallel to those dec1s1ons students,w;ll,make in later life.
How students perform on gquizzes and complete their laboaratory write-ups
also involves the decision making process. In fact, each student has to
decide whether or not to codmplete any ass1gnments All of these factors
result in some kLnd of teacher evaluation.

Although student achievement on the Comprehens1ve Test of Bas1c Sk1lls
(CTBS) has not improved significantly since those students who dre involved
with the creative inquiry based prograim have been tested, it is 1mportant

to note that the science test scores have not decllned Less formdl evalu-

ation methods Include attitude SUrveys. Comments from the School Climate

Survey and scores on the Student Council Faculty Course Evaluatlon Instru-

ment refiect student satisfaction. Parents also reflect positive comments

based on what they hear from their younsters:

The evaluation .component of the program involves examinatlon of four

areas with an attempt made to balance right and left brain components.

Although a true balance is probably not attained; giving students credit

for being creative is an improvement over tradltxonai evaiuation: The

creative projects; of course; are the h1gh11ght of each nine-week period'

Given the opportunity to be creative; my students have demonstrated tremen-

dous talents. Fortunately;, many of these talents have been captured on

film and have already been shared with teachers through conferences and
journal articles.

Teachers dare evaluated on performance in several areas. Because of
Model Laboratory School s assoc1at1on with the College of Educat1on and the

serv1ce prohram for pract1c1ng educators, it is expected that each teach-
er's program will be exemplary. It is further expected that teachers will

work well with both the students in their charge and other faculty members

Teachers are expected to keep curremt in their respective fields of exper-

tise by attending and participating actively in state; regionai and

national conferences; and completing university course work: K Finally; con-

duct1ng research and wr1t1ng art1cles for publlcatlon is another category

iﬁg committeefwork and pol1cy is generally made on- consensus We have
recently completed a policy manual which delineates how management will

take plece., It is revised annually and teacher 1nput is requested The

well. Our administrators are act1ve profess1onally in organizat1ons of

their speclalized fields. Because they believe in the importance of pro-

fessional involvement, they encourage and support their faculty to be

Inv01Ved as we11

individual teacher. Although academic freedom is honored, ﬁnusuai requests

are made with combined faculty-administrative input. Our school has an
in-service committee composed of faculty and administration. Some sessions
are organized by the administration; however; most are organized with com-
bined effort. Teachers participate in many special programs and confer-

ences at other institutions and are given release time to attend. . -

A

44



Q

ERIC

Aruitoxt provided by Eic:

40

A tremendous change which occurred this year was really appreciated.

The administration accepted my suggestion and found it feasible to offer
the thres sections of Biology in the morning: My preparation and lunch
period then precede my two sections of Earth Science. This move facili-

tated both how studerts could begin classes (more punctual) and how I felt
(less rushed). The atmosphere is more relaxed. I am allowed time off to
attend professional meetings; I am encouraged to lead workshops and discus-
sions at meetings; I conduct research; and I write for professional publi-
cations. , o S )

As motiey for more equipment and materials becomes available, I

would anticipate establishing a program with even greater emphasis on

hands-on activities. I hope to continue emphasizing the creative project
involvement and divergent thinking: The student who cannot think will not

Sicceed. As long as inquiry is demonstrated to be a valu~d commodity and

students are encouraged to take risks, they will continue to develop pat-
terns of thought consistent with their enviromment. In order to demons-
trate even greater relevance; I would like to write some moral dilemma

situations and have students interact with their peers over the comcepts..
Our planet is a fragile sphere. Emphasis supporting this premise is

continually made in both the Earth Science and Biology classes: Students
discover this in some laboratory experiences, on field trips, through class

discussions; and by observing media presentations. I believe students find

the science emphasis at the ninth and tenth grade to be fun and a continua-

tion of their earlier scierice experiences:. Because they do not experience

the "only good science course is a tough course" attitude once they get to
high school; I believe they continue to feel good about science and con-

tinue to enroll in science classes beyond the minimum requirements.
THE FUTURE

‘The science program at Model will continie to emphasize principles of

inquiry learning. Perhaps it is slanted toward creative expressionism more
than the normal inquiry program but I believe that each teacher is going to
put his personal stamp on the program. I would like to think that the pro-=
gram would continue to emphasize knowledge and learning methodology based

on current brain research. Individuals come and go; but hopefully good

programs withstand the test of time. = 7 . i
B If the program continiues to reflect the idea that science is fun and
relevant,; students will reflect this Ehgogggigqpversétiéﬁ with both parents

and peers. Students tend td,di$§9§S,Eﬁ9m§§P¢Cts of education--the very bad
and the unique. Allowing students to express themselves in creative ways

encolrages risk-taking and uniqueness. I believe this does something for
self-concept enhancement:

, Another benefit to be attained by an improved inquiry program is our
department's ability to project an image that these ideas work:. Public
school teachers will observe our strategies and classroom atmosphere during
in-service sessions and positive changes are more likely to take place.
The fact that our students are siccessful academically and also like what
they are doing speaks for itself while supporting inquiry teaching and

learning: , o o o : : -
As 1 reflect back over 13+ years of teaching science in public

schools; 1 see many areas where I have not changed dramatically. On the

other hand, I believe there is one area where I have moved 180 degrees. I
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have alwiys believed in 1nqu1ry as a process. and that students learn best

by doing manlpulatrvtiactIV1t1es. In my e(rly years of teaching, I never
got to the inquiry for I was too "hung up" on having students memorize
facts as they were doing activities. They did not rebel. In fact, I have

beern lucky in that my students have always appeared enthuslastlc about sci-
efice, but I could tell that they resented memorizing those fact.

I further beiieve that I have always held the personal committment

that students are important--with them the job of teaching can be pleasant
or unpleasant But without them,; there is no job. Why not make it a plea-

sant experience? Additionally; when students enjoy what they are doing,

they too; perform in a more satisfactory manner.

Teachers should continue to promote the concept of student learning

through inquiry processes. They should promote student involvement through

project completion and other activities; lecture and reading throughout

class periods should be discouraged. Let your students know why you are
teaching the way you are.

Because the classroom atmosphere changes in an 1nqu1ry program; the

teacher needs to be able to nandle the changes on an individual basis.

Students are not_ always in their seats, the noise level rises; and the

activity may splll out into the nallway: In fact; activities may occur

throughout the bu11d1ng ds the need arises: This will require that manage-

ment techriques be developed and that students understand the expectations

placed on them. An inquiry program requ1res a lot of trust; not mere

faith! And I have faith that I can make it happen. If I wanted the pro-

gram to fall I would remove all opportun1t1es for students to express them-

selves creatlvely--ln written reports; in presentation and in classroom

participation. I would force students to complete assignments which

‘demonstrate tittle or no relevance. I would give pop quizzes; I would dis-

continue hands-on; inquiry-type activity sessions. I would lecture and

insist that students write notes all the time. I would not show slides or

films or allow students to play 1nstruct10nal games . The room would appear

sterile; no creative projects would be attached to the ceiling or be sus-

pended from light fixtures and the creative snack _party would be eliminated

from the curriculum. The fun would be gone--and so would I.

An educator becoiies 1nvolved w1th many individuals whose cogn1t1ve and

creative abilities extend along a continoum: It is necessary to recoghize

where each student 1is located along this continuum and to assist them in

the attainment of a higher tevel. I view my respons1b111ty in this process

as that of a facilitator. Motivational; hands-on activities, concrete in

nature, will be helpfui in this assistance. A huﬁahistic attitude which is

warm but firm, and yet which allows for freedom

a student to d~"°lop a sense of worth1ness. Th1s freedom with gUId&nce

will lead to a ,.sitive affective behavior, reduce discip11ne probtems in

the classroom and lead to an improvement in the student s cognitive abil-

ity. The bottom line for the above paragraph reaily says-- Kids come in

all sizes; shapes and abilities. Work with them so they can feel good

about themselves as they grow and develop. If ome expects improvement,; one

Because teachers terd to teach as they have been taught I belleve
active in-service is needed I believe summer programs where practicing

educators are enticed back to the classroom and actually do the activities
lead to success.

.
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My adV1ce 1s thlS"Only those teachers who see benefit in the Inquxry

program should change their programs--the Skept1cs establish programs in

name only but usually do ot apply the ph1losoph1ca1 pr1nc1p1es Once a

classroom teacher establishes the program, it too can become a model for

other science classrooms in the bU11d1ng and school system: & teacher who

belleves in the prograii W111 allow it to be successful; whereas the teacher

who is "forced" to adopt it will surely sabotage it

I believe teacher personality is a significant factor in the success

of an inquiry program. Teachers must be willing to share authority with

students for what will happepi}pﬁphe classroom: _The ulrlmate responsibil-
ity must still rest on the teacher, but "freedoms" are important.

& new teacher should be selected for employment because he or she

meets several qualifications: I believe that academic preparatloﬁ is very

important and that course work should be distributed over both the life and

physical sciences as well as the humanities. This breadth in preparation
should allow for an understanding of environmental issues and consequently
the instructor can speak intelligently to most issues when necessary.
Fhrtherﬁore, thls academlc preparatlon should aIIOQ the 1ﬁstrﬁttor to

vided support for what I do in my classroom. Attendance aj:”NSTA”conven-
tions has helped me to be current in science education. The exhibits in
computer technology have been particularly good for learning more about new

technology and its classroom application. I attempt to - provide ideas as

well as reczive them.
I was asked to chair a Teacher Shop Talk Session at the 1982 KAPS Con-

ference (Kentucky Association for Progressi}p Sc1epge) I have also been
invited to speak before sgudquigroogsuop the EKU campus in various Curri-
culum and Instruciton Bepartment classes; i:.e.; "The Inquiry Approach for

the Glfted/Taiented Studen Creatlvxty as a Motlvatlonal Factor,' and

for possible incorporation into our teachlng s1tuat10n, Members of our
department have been contributing authors of articles in their areas of
expertise. I believe we use these journals as one method for keeping us

current in sc1ence educatlon

as a sc1encereducator Mr: Jack Curnow,rmy former high school science

teacher, contlnues to serve as a mEntor, frIend and coiieague Br James

a humanistic and humane way to meet young people and their assocxated prob-

lems: Gompietlon of his course Blsrﬁptlve C1assroom BehaV1or provided



Date
Semester I
Bug. 16-20

23-27_
30-9/3
Sept 7-10

13-17

20-24

27-0ct 1

4-8_
12-15
18-22

Oct

25-29

Nov 1-5

8-12
15-19

22-24

29-Dec 3

Dec 6-10

EARTH SCIENCE COURSE OUTLINE 1982-83

Content
Introduction 1) B
2)
Landforms 1)

Maps and Mapmaking

Weather

Astronomy

2)

Crustal Forces (Part I) 1)

(Flate Tectonics)

) galaxy card kit

fypicai tearﬁiﬁg Activities

gatlve acylvity ]

of several boxes)

Creative Cartoons

depict sudent under-
standing; displayed from
the CP111ng) B

Students listen to Landform

Model tape set and complete

an activity sheet

ESCP €Contour Map Model

invest Igat ion

) Topographic map inter-

pretation; investigative
worksheets on national
parks

) ESCP Stereogram Book of

Landforms .

) Construction of 3-D

topographic waps

Group construction of a hot
air ballooi

Loft helium filled

Work with various pieces

of meteroiogy equipment

Model home construction

and heating efficiency:

) Plot tornado paths.
) Plot hurricane paths

Record and predict weather
Mobius strip to demon-
strate universe goes in
all dlrections

ESCP

Constella tube
constructic

) Spectroscope ...vest:ga-
tion

) Telescope investigation

and preparation for day-
time and optional study
of the night sky

) Planetary chart comparlson

Wood block crustal plate
1nvestlgat10n

CEEP Seafloor Spreading
model investigation
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Jan

Feb

Mar

Apr

May

1317

47
10-14
17-21
24-28
31-Feb 4
7-11
14-18
21-25

28-Mar &

18-22
25-29
2-6

9-11
12-13

Earth Forces (Part 2)
(Erosion and

 Weathering)

Rocks arnd Minerals

Earth Structure (Scil)

Oceanography

Kenticky Landforms

Closure Activities

3)

4)

Eruption of a volcanic
island arc system o
(plaster-of-paris model)
rlotting volcano and
earthquake activity

5) Map construction of

__ Pangaea™ . _

6) Faults and folding

__ simulation o o

1) Streamtable ifnvestigatioms

2) Ice cube glacier

_ investigation o

1) Streak test investigations

2) Hardness test investiga-

_otioms

3) Mineral/rock investiga-
tions

4) €rystal growing investi-
gations '

5) Rock simulation (crayon
fragments)

6) Periodic Table investiga-

~ tion _ . :

7) Flame Test {ion investiga-

. tion) _ . _

1) LaMotte Soil testing of

__ samples : L .

2) soil sturcture (sieve and

3)
4)
1)
2)

1)

1)

particule size investiga-
tion) S
Soil saturation investiga-
tion

Coriolis Forces

ESS colored solutions
density 1lab .

) PIot ocean depths in-

vestigation_ _

Grapl profile of state
(5 intersecting lines
to get a "feel" for the
state's relief)
Cartooning "What You
NOW_understand

Earth Science
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~ Chapter 4: Inquisitive Chicks:
An Inquiry Program for Primary Students

By
Judy Holtz

Westchester Elementary School
12405 Royal Palm Blvd __
Cu.al Springs; Florida 33065

The prlmarlly m1dd1e class populatlon of Coral Springs supports good

ediication programs and is equally critical of those of which it does not

approve. The community is growing rapldly, due in part to the high quality

of education offered by the schools in the area:. This CIty of 100,000 has

few commercial areas and, a1though most wage earners commute to other

areas, this is a Communxty with high involvement in many areas of concern

and action; education among them . Many of the teachers live in the immed-
iate neighhorhood and programs taklng place in the schools are well publi-
cized in area newspapers. It is; indeed, both a community and a school

where an enrlched science program must be taklng place These parents are

science oriented career. o
) Westchester Elementary; a ten year old school w1th forty teachers, hgé
800 students 1n grades klndergarten through f1ve The budget does not

teachers The academlc program is excellent and the teachers and adminis-

trative staff are of an exemplary caliber: Teachers and administrators put

in many hours of work beyond the school day Insufrng an exciting exper1ence

for students at every grade level: & science room was prOV1ded but is used

fow as a generai classroom instead. We are in the process of establishing

an Outdoor Learning Eahoratory area; funded by a mini-grant; where students

will participate in environmental activities. This; again; is being done

hy classroom teachers rather than a science specialist. There is much
pride shown by both the staff and students and parental involvement is Very
high. ) ——

Our _students; generally from affluent famllies,' are preaomln fIy
white and represent a bvoad range of ability. Reading }evels range from

pre-primer one to fourth grade level in our f1rst grade class and math 1ev-

els are about the same. The chlldren are very eager to learn and have a

good attitude toward educatlon, a reflection of home atmosphere and posi-

tive school exper1ences We ure proud of our annual PTA supported Science

Fair because many students participate and our district entries do very

well; Much interest in research and problem-solving has been generated by

the fair and students love the awards provided by the PTA.
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OUR BEGINNINGS

My old program did not include a deliberate inquiry approach.: Alt-
hough the Health curriculum for the district does include hatching chrcks

as ofne suggested act1vity, up until thls year our first. grade had not

hatched chicks, rnor had it been done, as far as We knew, in the school pre-~

vious to this time. In fact I had not done any animal behavior EXperi-

ments. Most of the inquiry in my classroom consisted of activities in the

area of phy51ca1 science and plant activities: Actually, my old program

con51sted of many activxties and, refiectiveiy, a number of inquiry activi-

ties which I did not recognize as such at the time: I also re11§d more

heavily than I do now on textbooks for guidance as to what method to use iﬁ

teaching a concept: Most of my guidamnce usnally led to "right or wrong"

questronxng rather than true open Inqniry as I now believe it should be

done: Scxence was taught as more of a separate content area and not as

‘Even though my program was not as good as it could have heen, I did
have considerable freedom as far_ as how to teach. TFor instance I used a
different text than the district because I felt the children needed & more

challenging program than the one adopted at that time. Most teachers, me
included; followed the general district riile reguiring all children to have
60 minutes of science instruction each week.

While I felt capable and comfortable with the old program, I sensed we
needed something that would stir the childrens' initerest and help them

learn 1nvestlgative sk111s The children needed to learn how to 1dentify

and solve problems and use more skills in data coliecting Graphing;

observing and other process skills were not central in forming concepts

relating to thelr environment and students were not aware of when they were
using theIr skills.

We were Involved aiso w:th a creatlve wr1ting program and I began see-

while providing a good 'research readiness" program,,complete,with,composir

tion skills. Science was to become one way of %eaching basic skills sich
as reading and mathematics in our elementary schdol. I felt children could
be more stimulated to learn and enjoy the excitement stirred by inquiry.

It _all started with apples, bandaids, and an antiseptic that didn't

work. Dr. Nancy Romance, Broward Cointy SC1ence Supervisor, introduced me
to the joy of teaching science through problem-solving techniques Nancy

encoluraged me to go on and find why the antiseptic didn t work while show-

irg me how to gain value from failure The children may not have 1learred

whiat I intended from that experience but I am still learning from it.

After her orientation; it seemed that with every activity I did with my

ChIIdrén, 1 wanted to do more: It became sucﬁ an enriching ~and rewarding

changed my rationale for teaching and my philosophy of 1earning ) Dr.
Romance; the instructor of "Teaching Elementary Science" at Nova Univer-
sity, shared many delightful experiences she had had with her students and

of which the average stiderit could not do until college: The high 1eve1 of
knowledge achieved by some of these youngsters was astounding.

ol
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ities and is the 1nd1V1dual from whom I learnedflnqulry tpaphlng andipgob-
lem solving techniques. She also has arranged many workshops, including
one by Dr. Hilb’ Blecha of the U'riiv'éréity of AriZdna Dr Rbﬁiance ha's beéﬁ

prOVIded suggestlons leadlng to ,explanatlons To this day, she contlnues
tc be_a great source of inspiration. _

Dr. Blecha gave me the idea of u51ng chlcks for experlmentrng and
taught me inguiry technlques My first grade team- mates made the whole
program even more fun when we all hatched our chicks and they donated them
for the experiment. I aad many rothers who volunteered their time in my
classroom helping ch11dren with the lessons for the chicks. Donna Stnii a

A = L -

tedcher at Hallandale High SChool loanied us a chick brooder; a piece of

equipment essefitial for aiy act1V1ty of this sort and fiot standard at most

schools Last, but not least,; were the Joyfui faces of delightful children

giving me the only reward i reaily needed: They and their chicks are the
real stars of this program:

After I learned how to use a number of teaching skills through parti-

cipation in workshops,; teachers who participated with me in the hatching of

chicks learned with the children. We used books from the media center and
films from the county film library. I also was inserviced in creative
writing by Clarice Lynn; a téaéhér at my school; and used many of those
writing. téthﬁiﬁﬁes in doing creative writing and composition activities

related to our "Inguisitive .chicks." Now that teachers on my grade level

have experlenced ti.d program and been involved in watching the progress of

the chicks and the children they seem to be considerably more comfortable
while teaching science with an activity approach
Ay dactual change took place over a few years. of gradually learning

how chlldren learn through inquiry and discovery: I tried many science

act1v1tles in my Classroom and had considerable contact with secondary sci-

ence teachers and supervisors: These experiences and contacts inspired a

constant updatxng of. my teaching skills through college courses and inser-

vice courses. The more I used these new techniques the more inspiratlon I
had and the more creative I felt.

In changing my classroom; I wanted to de51gn an act1V1ty from which my
children could learn skills of problem identification and solving, measur-
ing and graphing; and Language Arts. Along with this, I wanted them to
have freedom and contiol over their own 1nvest1gatibns Students were to

be free to try what they pleased and to find answers to questions of their

own . They were to dec1de what direction the class would take:

My classroom has individual desks for each child: The room is

arrunged so that there are eight centers of ac“ivities; One is a science -

center whereithgrei;siaigag§ at Ieastﬁpne inquiry activity for the childrea

as well as ‘books, filmstrips, microscope, and other science materials. The
classroom is equipped with a sink but no 6thei lab facilities The wallé

the room 1in every available space. QC1ence prOjECt dlsplays of class
activities are displayed throughout. These show how the children use dis-
covery and inquiry to learn a concept. The other learning centers include

-,
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reading, mathematics, art, writing/spelling, manipulatives; library,
llstenlng, and directed read1ng
Inqulsltlve chicks" would not have been p0551ble w1thout our prxnc1—

pal Dr. Loretta Smlth who - allowed the chicks to remain in the bu11d1ng

for an extended cmount of time and frequently brought visitors to the

classroom to oservz the 1nvest1gat10ns. This allowed the children to get

feedback from oatsiders and answer their questions: Many times the outsid-

ers were skeptxcal of thé& chicks' capabilities; providing children with a

chance to "prove' how smart their chicks were:

The Fort Lauderdale News and the Forum newspapers are very eager to

report the news of our educated chicks: -‘They have done very nice pieces

where the children were featured with the chicks and a good explanation of

the program was summarized. Such commun1ty support is a _very important

for the chicks. They helped the children write their observations and sat
with them while they trainad the chicks.

GOALS AND ACTIVITIES

-

4

.

-

ables may affect the outcome of exper1ments I also want children to

recognize that all 1nd1V1duals are different: In d01n5 the act1v1t1es,

students make observations of their experiences, record* them, and compare

data with others. Concluslons based on data are formed: Then, language

arts skills are used in expressing ideas:. Students recognxze that learn1ng

is the outcome of a process and can relate that learning to their role in

the environment and apprec1ate natural phenomena. I want students to

appreciate the value of science in our society and desire to learn more.

1 want students to begin noting that motivation is a factor in learn-
ing and that individuals _learn _at different rates. When another inquiry
activity is introduced, the children should be able to do more independent

investigations, form questions to be answered, form hypothesis, and take a
greater part in the development of procedires used to solve problems ‘
"Inquisitive ch1cks' begins with children chooslng a problem and using

1nqu1ry for observing, data collectlng, analy31s, and solutions: Students

cooperatlvely decide what they will do with their chicks and then design

and carry cut the experxment. The chicks are their charges. Students work

on their own or in small; cooperative groups and are free to do investiga-

trons they choose: As students work the1r perceptlons of the investiga-

First students hatch chlcks while comparlng the development of the
embryo to descriptions in books. Students; in groups of four, then decide
what they want to do with the chicks ~and began planning and doing the
actual investigations. Noting résults and makifig conclusions from the’ data

lead to graphing and record1ng data After exper1ment1ng the chlldren d1s-

learned and concluded o o e
Students learn that some chicks, 1iksz people, learn at different

rates. The students who teach the chicks that do not learn are not disap-

pointed in them as I had expected. The chiidren whose chicks do learn the

appointed task don't brag about it or try to make the others jealous or
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feel inadequate. I feel very. good when 1 see my students growing in
emotional maturity. As they see the role of ""tlvatlon in chicken learn-
ing, they also come to see how their own motivation affects themselves.

By being a behav1ora1 experiment the projram teaches how behav1or is
altered by motivation. The chicks adapt their behavior to eat and, when
the chicks are not interested in eating, the children withold food for a
few hours, controlllng the environment: Tlie children learn how to develop
alternatives to situations. This program not only develops student under-
standlng of 1nd1V1dua1 differences and rates by seelng that some chicks

‘learn and some do not, but of the chicks that learn; all take different

numbers of lessons: o
After the f1rst year program was finished,; I found out about & little

egg farm which we could have visited and w111 with our nmext year's class.:

Many egg farms do mot have fertilized eggs, so it can be hard to find them

in some regions. Certainly, other areas have magnificient potential for
field trips. The Broward County Media Productions Department photogr&phs
our material :and makes filmstrips for us. It was difficult to find a

developer; but we finally found one that would develop and  process the
fllmstrlps at a reasonable price so that each had to pay only $3.00 for

their own copy.

Althouzgh no textbooks are used I dd use the diréttibﬁs frbﬁ the iﬁtu-
bator on how to hatch eggs. The children also cofiipile a list of resource
books used including: Window Into an Egg, Geraldine Flanagan; The Little
Red Hen, Paul Galdone; Wait and See, Gonstantine Georgiou; Egg to Chick,
Millicent E. Selsam; Chicken Little Count-to-Ten, Margaret Friskey;
Katies's Chickens, Nancy Dingman Watson; Chicken tlcken Kenneth McLeish;

and Horton Hatches the Egg, Dr: Suess: Films which students ‘like

include: The Red Hen An Egg Becomes a Chick, Chicken Little, Chicks

and Chickens, Eggs to Market. The films and books review concepts

aiready taught rather than being a primary teaching resource.

IN OUR CLASSROOM

"fnqulsltlve chlcks 1ntegrates Language arts, math and sc1ence

Durlng this time thldren 1ncubate eggs, number them for turning and turn
them four tlmes a day. Each chick is marked Wlth an 1denf1fying rolor on
its wiig fe&ther and each egg is numbered 1, 2; 3, 4 around the mIddre to

"facilitate turning. Students arraage for the custcdian to turn the egg: at

night and the teacher takes ‘them-home over the weekends. Children are very

jconcerned that they might break an egg: The whole class researches how the

egg 1is developrng and keeps a 1ist of all obsarvatlons They wrl*e a brief

tions. After werghlng the egg again; Were the hypotheﬂes correct? The

students observe hatchlngs and wrlte creatlve storles such as "How I Would

decrslons about what they want to do w1th the chlcks Last year, my class
decided to teach them colors, since, of course, the chicks were in school.
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So; they made a school for the chlcks and prepared colored boxes The
class was divided into groups. of four ch;ldreu, edach with a chick. The

children named the chicks and each small group decided what color they
would teach the1r ch1ck ] Each group keptA{ecords in the1r own folders

desired. Our students spent two weeRs last yedr, but seven weeks this year
on this activity. When the chicks are be1ng given lessons, the children

are responsible for putting the chick back into the brooder and cleaning

the teaching box for the next group. Th1s year, students worked in groups

of four, each group dec1d1ng what their chick should learn. Two days after

the chicks have hatched the children, as groups, have generaily decided on
en eXxperiment. o
Day 1 - Teacher will write, Chicks (can or cannot) learn because.

The children answer this question and give support with some facts they

have learned about ChICkS during the unit of study. Their hypotheses are

collected and put in a book: Each child will read his or her hypothesis

and be able to compare it to the others.

o bay 2 - The children paint a box where the ch1ck lesson w1ll take
pilace: We have six different colored construction paper boxes with doors

in the sides.

Day 3 - The children, in groups of four with their chick, design a
scheme to teach their chick 'n the "school". They have to learn bsw to
teach a chick. They put food in the correct box, put the chick in, and
allow them to eat. If it does not go to the correct box, it is put in

again. _This process is repedted untll the ch1ck learns. After the lesson,

the ChleIEH write observations describing the behavior of the chick:

These are Rept in a folder:
Day ﬁ This is a repeat of Day 3. Most of the chicks are not inter-

ested in the food and tre not eating At a class discussion we will decide

how to solve our new problem. TLast year we kept the food tray closed until

the ~hicks had their lessons:

Bay 5 - Same as Bay 4 and we cont1nue untll the chick learns

inf-rmation of how the chick develops ins1de the egg and another book of
d1agrams showing the development. Student record books show their results
of each lesson and include the number of lessons given to each chick, the
task being learned; and how many lessons it took chicks to learn: Data is
compliled from each group of children and put in chart and graph form.

Because there is a high involvement of parent volunteers, the lessons are

able to take place corncurrently diring the read1ng time:

Students draw graphs showing how many lessomns ea&h chick was given and

how many lessons it took to learn the task:. Students review the results

and write. their conclusion as to whether they think chicks learn and why.

They must include a bIbiIography from our list in the library. A class

experlence chart is written at the end of the experiment to record proce-

dures used for the experiment and students also make a filmstrip about how

the chick develops 1ns1de the egg _ This f11mstr1p can 1nclude the content

factor in learning.
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‘Students name the chicks, decide what to teach the chicks, and design

and build the school for lessons. Students also make observations each
day, write their own hypotheses, make diagrams of the chick development,
and carry out the lessons for their chick. . ) , )

"~ When there are problems the children try to solve them themselves and
discuss among thliemselves the possibilities of solutions. Kathryn Drake,

another first grade teacher; did an experiment to find out which cereals
chicks like best:. Her class learned chicks over-whelmingly prefer ocatmeal:

So my children decided that they would use oatmeal in the lessons for added
motivation. Perhaps if a number of different dctivities for experimenting

with chicks were outlined and given to teachers, they may have a source

from which to choose and guidelines to follow. It is not hard to do and

has marvelous results. All the results are recorded so that ea~h class may
chare them:. Each year, as new students do this activity, they may choose
something else to do with the chicks. It will be that class's decision.
The content emphasizes how & chick develops in the egg and stu-
dents are taught what factors need to be present in the incubation and how
this compares with natural incubation. Then, as each day passes,; the chil-
dren learn through observation and reading how the embryo is developing.

The facts are written on a chart and displayed in the room where it can be
observed and reviewed. The children also learn that a chicken'is a bird

and learn the characteristics of that animal. They identify other animals
is being birds and listen to various bird calls of South Florida. As &
review, the children make a filmstrip with each child producing one frame.
This filmstrip teaches others how to incubate and how the chick hatches
from the egg: The filmstrip is photographed; processed, and given to each

child as well as shared with other classes. One fil@strip is placed in the

school media center:

, The children won a "superior' award for the Westchester Elcmentary
Science Fajir and won first place in the Broward County Science Fair in the
category Class Projects, Life Science. The project was also awarded run-
ner-up for best in show. Many of the children entered posters in various

contests and won individual prizes. Six of my children also won prizes for
individual entries in thLe Science Fair: And; not only do they do well at

fairs; last year mymstudehts7Wé;é79ge”¥g§r75566é grade level on the Cali-
fornia Achievement Test: I also evaluate their problem solving skills by

their perforinanice in subsequent inquiry activities. _Evidetice of dchieve-
1 d a short dchievement

ment is evident in students interest in science a

tes:. On this test fifty-five percent of the children underst-od that food
was the motivating factor that affected the chick behavior. Five percent
attempted to provide a rationale as to why some did not learn the color.
The child's participation in the entire project is Used to determine
success im most instances. A good inguiry teaching tootl not only helps

children find answers; it also Stimulates more questions and motivates
additional problem solving as a result. ° -
After completing this program, students better understand problem

solving techniques and are able to pursue questions raised by their own
activities. I hope more interest will be generated in Science and Science

teaching so that elementary school classrooms can see more inquiry teaching
in the future. S . 7
No budget was provided for this program but it is very inexpensive.

Eggs are $5.00 a dozen and brooders are about $50.00-"'00.00 Through inser-

vice arranged by Dr. Nancy Romance, Science Supervis.., and Jim Carswell,
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Curriculum Planner; I have shared this program with other teachers in the

county. state, and natiom.

As our program changes, We are emph65121ng more problem solv1ng and

inquiry. In the past year I have used this method where I never had before

and I have found that much SUbJECt matterrls e8511y adaptable to th1s

With the excitement generated by this program and the 1nterest

shown by supervisors and the general public; other teachers have become

interested in the techniques. I intend to continue using it in my inser-

vice presentations; as it has already been presented localiy, at our Flo-

rida Association of Science Teachers Convention; and at the 1982 Nationatl

Science Teachers Association meeting. It is my hope that some of those
individuals use thisS program in their own schools.

Teachers provide the materials; resources; and facilities necessary
for the students to perform lessons. They also arrange for parent volun-
teers to help ch11dren Wwith lessons and provide observation forms so that
the children can make observations and record them quickly and with maximum

ease:
The teacher's role is to act ds & consulLant to the ch11dren he1p1ng

them locateimater}als such as fllms, books, filmstrips, and maga21nes avai-
tabte in the school and community about the hatching of chicks. The

teacher should lead informal discussions with the students to assess how

much the children know about how chicks develop' The teacher shoiuld &dlso

raise questions about what students see; how they think it is happening,

and what they think will happen. Discussion usually reveals that they know

nothing about the subject and provides an opening leadrng to background

information needing to be covered with the students doing as much of the

research as possible. When asked how big they thought the chick was atrthe
beginning of incubation; students may guess as big as the egg itself. They

envision the chlck fully gIrown, waltlng for the time to appear. By asking
questions such as "How big is it?" and "What does it look 1ike?" the chil-~
dren have questioins to drnswer and begin to find out other information and

make guesses about what is happening each day. When evaluating the fpro-
gress of children; the teacher should assess what needs the ch11dren rave

and provide for them to become better educated in the area where thc need
is shown.

The teacher must model Inquiry technlques Students must find out

rather than be told and must ask questions of the teacher and other stu-

dents. . They should be willing to risk a guess and recognize mistakes with

all 1nformatlon noted and recorded for future reference. Students should
adV1se,the,teacherfof materials needed and feel free to do self-initiated
investigations. If & question arises; the teacher must not answer or eval-

uate it; she should help the ch11dren search for answers. When doing this
activity with young children, they may not yet be prepared to pose the

problem themselves they may need help Inqulry methods range from teacher

questIons of interest and pursue the top1c The teacher must a1d the stu-

dents in the procedures for investigation in order to tedch theim How to use

inquiry. By repeatedly dealing with different curricula in tHis mafniier,

children will grow into expert problem solvers of the future:

_ The advice I would give to another teacher is; 1earn along with the

ch11dren, let. them know your hypotheses, as it is fun for them to flnd out

you don't know too. They feel more free to investigate rather than to give
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the right answer when they think you don t know it and you are learning
with them. . ]
If I wanted to ﬁake ay pragraﬁ fail I wbula tell the thildren éxactly

be w1111ng to let the ch11dren do act1V1t1es rather than be told They
should have a background in sc1ent1f1c process skills and what they are and
should have used them in some way during their undergraduate work.

_ The skills of inquiry teaching should be included in undergraduate
work for Eleméntary Education certification and more school districts

so that teachers may share these experiernices with thelr children However,

I do feel teachers should be paid for this kind of tralnlng Perhaps some

extra fundlng could be made avallable for those elementary teachers who

would like to develop their expertIse in problem soivrng and Inquxryi

Through brIngIng in outside experts from coiieges, we could have a good

inquiry program throughout the school districts of our nation and thus make

more students able to use Inqulry

through organizations; the intrinsic value has been to see ch11dren learn
on their own and discover new relationships among the world around them.

In addition to winning awards we have had articles in the Forum
Newspaper and the Fort Lauderdale News, Muamn Herald, and Quad City
News. We have letters from the Attorney General of The State of Florida,
Senator Lawton Ch11es, and Educatlon Comm1ss1oner Ralph Turllngton VRecog-

Sc1ence Teahers Outstandlng Educator Award, 1982, have been most memorable:

From Science and Children I have adopted many good ideas for my

classroom: I have also had an article published in it: I feel it is
Important for classroom teachers to present their ideas to others in the
science education communlty From other teachers I learn of childrens'

needs and how I might meet them. This is professionalism in action.
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Chapter 5: Science Projects Seminar

By
Ann Justus

Came lback ngh School

4612 N: 28th St:
Phoenix, AZ 85016

and upper -middte class population. However; the school d1str1ct has,an

opern- enroilment policy which allows students to attend any school; a policy

resultIng in a considerable influx of students from other areas. The stu-

dents needs and abilities have dictated a strong academic program stress-

ing preparation for college. = While student populatien in our area has
decreased our enrollment has been rather constant around 3000 because of
1ncreased numbers of out of d1sfr1ct students

gram. Thls _support, a quallfled faculty, and an PffICIént staff have

helped CamelbacR ngh School earni the reputatlon of being an excellent

school even though in the past two years three schools in the district have

been closed and litigation is forc1ng one of the inmer city schools to be

reopened. This has created growing tension among students and faculty as
involuntary transfers appear likely:

Our students in grades 9 through 12 are served by 150 faculty members,

11 counselors; and 30 staff members. The original buildings are 30 years

old and several new bulldlngs have been added as needed. The Structires

are typical desert; pre-energy-crunch,; styles -- lone, two-story, one-room-
wide buildings; each room opening outside and w1th wide overhangs protect-
1ng outdoor lockers. All rooms have many. windows There are two newer

science_rooms; seven original ones, an inadequate portable building, and &8

too-small greenhouse. Laboratories are satisfactory and well equipped and

the atmosphere is generally academic with pleasant stucent-student and stu-

dent-teacher relationships: Although only one year of science is required;

75% of our students are taking two years of science.
OUR BEGINNINGS

After speclal education for low achlevers was state- mandated there
was 1ncreaS1ng recognition of the need to_ provide special education for the
gifted as well. The state Department of Edication had setrstandards for

the gifted and; ten years ago, the d1str1ct recognlzed that there were a

considerable number of students belng neglected So, when the district

initiated a program for gifted students, each ””hool chose a plan to best

meet the needs of its students. This was a new program for the eleven high
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as an approprlate beg1nn1ng Sc1ence was orie of the seminars. We called

When I first was asked to attend a meeting to d1scuss the possibility
Of glfted classes I assumed noth1ng would come of it. The follow1ng summer

we had a workshop to plan the seminars for the next year. It was rather

My initial inspiration was the challenge of developing a new program,

a program with no precedent in our school: It was also an inspiration to

have this expressIon of confidence from the administration: Many of my

ideas came about in a ~series of workshops, a1though I have gained several

in the science,department On other campuses the gifted program frequently
wag sépérété from all departments::a separation which is not optional in

A prellmlnary workshop Just prior to the opening of school established
goals, objectives, and initial plans for the gifted seminais The seminar
itself began with five or six students and grew steadlly as g1fted students
were identified: The first year was difficult for me as well as the stu-

dents: We were all frustrated by the unstructured 1ndependent study, they

wanted me to tell them what to do each day and I wanted to tell them: But,

making their own plans was an Important part of the pianned program so I

persisted. Needless to say; most of that first year was spent doing what

they already knew how to do--literature research and report writing I was

bored; the class was dull; lifeless; and not capitalizing on the real

excitement of science and research. So; I began encouraging and rewarding
laboratory research. I have continued in this direction ever since. _

~ By the fourth year several students had projects entered in the
Regional Sc1ence Fair Although the results were not great, a second and
fourth place,rthey did provide an impetus for some students Truthfully, I

was often quite unprepared to help them with their presentatlons but, after
the first effort I reallzed as did the students, that my students could do

as well as what we saw at the fair: I also realized I must emphasize

research specifically leading to projects for competition: This was the

point where 1 fInaliy ifet go of my ties to the traditional structured class

and became more willing to give students the freedom necesary for truly
d01ng sc1ence research I also reallzed that I had not. let the class

hisrsectlon and a tour,year scholarshlp torthe univers1ty, Ihe next,year,a
student won the sweepstakes and we found the great reward of itternding the

-
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International Science and Engineering Fair where he won three awards. That

momentum has continued into the present Science Projects Seminar. Still,
cxperimental research is mot required but is strongly encouraged. ,
1 developed the Research Projects class by trial and error and consid
erable literature research and study. Our workshop material made many
references to gifted students which I found useless. I knew what they were

like and their characteristics but; what I didn't know was what kind of

work to have them do: From the beginning changes have been constant with

some being made on an intuitive basis; some based n~n student suggestions,
and some because a change was obviously needed. I was fortunate in having
a broad background in the sciences; but I still feel quite unprepared for
some of the things students choose to study. When I am at a loss; T look
clsewhere for help. I even hired my daughter to write & math and computer

unit for the first year. ] o 7 S
) For several years seminar teachers had one less class and two prepdra-
tion periods to enable a more reasonable operation of an independent study

group. During that time, I taught three advanced chemistry classes and the

Projects class. For the past two years, though, I have had to give up the

second preparation pericd and teach another chemistry class. I consider
this a removal of support and lack of recognition of the excess work
required of extension and serious laboratory work. For several years also
there was a small budget for the entire gifted program because of state
aid, but now that has been reallocated. The class is supported only from

the science budget and subsidized by my time after scnool hours and on
weekernds .

OUR PROGRAM

Science students need to understand the regularity of nature and how

these regularities are observed, explained, explored; and measured. Stu-
dents must understand the workings and nature of science. It is important

for young people to recognize the pervasive role of science in our past,

present, and future development and the effects of science on progress and

human endeavor. They need to kmow the scope of career choices in Sciernce

and technology and recognize that they will eventually inherit the respon-
sibilities of sustaining and continuing the "good life" they now have. Not
many will become scientists but they all will, undoubtedly, be confronted
with decisions of a scientific nature which they must make with kriowledge
and reason and an understanding of their own emotioms. 7

Science literacy is a key to making these decisions. A1l students;
inciuding the college bound, need to have as good a preparation in science
as can be given. This is not just cofiterit; more importantly, they must be

able to use and appreciate scierce. Students learn and become more profi-

cient in selecting and directing their own study, in keeping records; and

keeping up with new developments:. Students share interests; ideas, and
problems with a group and then apply concepts to problems they have identi-

fied. Researching the scientific literature and Wwriting a techrical report
emphasizes the diversity and complexity of science.
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SOME GOALS AND OBJECTIVES FOR THE SCIENCE PROJECTS SEMINAR

1. To encourage students to engage in research at their own
levels and to develop self reliance in pursuing individual
interests.

2 To promote activity in a) épblyihg ébﬁéébts from regular

classes, and d) tce of spec1allzed science equipment.
3. To establish methods of record keeping and presentatiof.
4. To maintain an atmosphere of interest in new developments
in scicnce dand technology:

5. To encourage the sharing of interests, ideas and problems

with a group:

5. To provide an opportunity to explore science-related careers:
7. To encourage participatior in science competitions.
OBJECTIVES: The nature of independent stiidy preclides a definitive
listing of objectives. Activities will be 50 devised
and directed that a portion of these performances will

be mcluded for each student. The seminar activities
enable students to work independently as they:

1: Choose and cooperate in planning a program of study.
2. Show active continuity in a chosen study program:

present results in writing (and orally to the group
if of general interest.)

4. Shiow skill in use of gpéciéiizéa equipment .

and programmlng

6. Research the literature for selected topics to a
suitable degree:

7. Participate in group activities of common interest.

8. Make evaluations and judgments based on appropriate data:

£°
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9. Present final results in writing and to the class, ind

through competition

The class has high ability freshmen through senjors, many gifted; but

all with a special interest in sScierice. Students may take the class as
many years as will fit into their schedules although, in the ten years of

the class; only two Students have been in the class a full four years.
Many students elect more than one year though. The class ugsually numbers
around 20 and student attitudes are positive because they like»the freedom

arid scope of a small and somewhat unstructured class. They feel special in
the class and have considerable intellectual freedom to pursue their own
education. , , )

 Some students sperd a moderate amount of money on projects; but most
rely on what the school can supply: If special equipment is needed, then

students must supply the funds: This is one of their choices.

, Students in the projects class experience a considerable range of peer
interaction and levels of ability. With freshmen to seniors, unusual work-
ing conditions, and a climate of increased personal responsibility, many
positive interactions occur. , ) S , o

7 At the heginning of the year we go through a decision-making process.
Several local plans for future development are presented, placed on & targe
city map, discussed and then votéd on. The students have been designated
to vote as teenagers; senior citizens, business men, cacti, air; water,

farmers; desert; or any other variable which makes sense to them. Each
states his reason for his vote--bringing up many science-related problems

and issues. Issues that are in the news at the same time get special
emphasis. This focus on social issues and careers is a way of getting the
class to work as a unit and getting some issues in front of students. No
other specific emphasis is given to careers although an occasional film or
speaker provides awareness of a particular occupation. I do hope they are

seeinig a happy, eager, and professional science teacher all the time. i
Science as Inquiry is the major activity and purpose of the class. As

students pursue their chosen study and begin to focus on a specific prob-

class. When a student begins to analyze data or interpret what he has
found; he Faces the reality of what he Hhas actually learned or gained and

what it means to himself and society. True inquiry usually starts at this

point. . ] o , _
Scientific research and inquiry is problem-centered and flexible. The

variety of problems students choose to study usually include some that are

of local relevance. For example, a student studied the effects of formal-
déhyde on rats after learning of the problem with insulation in a new hous-
ing development:. Students often study themselves and peers through beha-
vioral projects. Last year there were two such studies, one of which won
the regional sweepstakes and an international award as well. S

Other studies are sometimes directly related to improvements in the
human enviromment or people in general. I like to think all science
~usearch is working for the betterment of people through increased know-
tedge. Regardless of the nature of the project, individualized instruction
is central to independent research and study and students must plan their

own goals and work schedules. I am available to advise but I rarely insist
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if & student rejects my help. 1 keep reminding them this is their big

chance to show what they can do. In this way; all projert work is indivi-
duatized and personalized.

Studenis often begin working in cooperative small groups. These
groups frequently break apart and students become more independent as their

studies develop. One group remaining this year is three students remodel-

ing a hovercraft in a cooperative effort. Students are free to work alone
or together; on whatever project; and to the depth they desire. As a

result, students are able to work at ‘their own level, in their own way much

Students select a,study pf p“rtlcular interest, plan the work, ana

carry out literature and/or laboratory research. In the process they iiake
a lot of decisions. Students who enter a satisfactory project in the
spring Sciznce Féirrmake a grade of A. During the research process content

suitable to the individual studies is obtained and used. For example, if a
student wishes to use the computer tren he must learn computer rules, lan-

guage, and use. Not all students will be involved with any particular con-
tent.

Every book and article: I have read about "how to do an experiment

or prOJect states that the study and researchhgqst“cpme first: I agree
with this from an intellectual VieW,POE,tz,bUt students do mot always have
enough background confldence, or attentrcnﬁspan to do this. I have found

better results by using the "hands -on" first even if it is unrelated to

what evenfuaiiy will be done. So,; I do not require that students carry out

extensive study before begrnnlng experlmentatlon In fact; I urge them_ to

start some klnd 6f work as soon as posslble because I have found th1s

The relevancy and success of the program depends on the relevancy of

the choices students make for the1r own Studies. If they won't choose or
choose a poor study I try to guide them in anbther direction. th, their

freedom of choice keeps the studeats gding and the program relevant:

Before each class I read weekly reports: Five are turned in each day so

this is an easy JOb arid I can stay caught up: Durlng class T am most often

conferring with students checking what they are doing; getting equ1pment,

tedching how equipment works and is used, or teachrng technlques such as

making solutions: I also look at and discusss computer programs; look for

the locker keys,; make lists of suppiies to buy after school; and help clean

the rat cages.: Somet imes Lhe trivia of showing a student how to put_the

camera on the microscope or going t» the storeroom drives me crazy. But,

they all need to learn. After clas:z I collapse! Fortunately I have lunch

Just prlor to th1s class so  my energy is high even though the seminar fol-

o Each day _twenty students check in at my desk in the lab and begln
their work. Sometimes we meet in a group for announcements and Student
progress reports or to see & fllm; This year, typlcally you would see

three boys rush to the auto shdp to corntinue Work on & hovercraft they are

redes1gn1ng Three students may be tending to their -ats and several more

are standing in llne to talk to me: Others are tending fish before 301ng

to the library or preparIng their log for the week. Three students are at

the computers while the remaining students are worklng ac assorted pro-

Jects Two are argurng It does seem that I have more than twenty stu-

dents most of the time. I also am constantly trying to find something and
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to do three thlﬁgs at once but I love it. I encourage students to devise
equipment and make-do with what we have. So, & visitor may see usual
things -- such as a large rubber raft (from state Surplus) being cut for

the hovercraft skirts. This 4 x 9 ft. craft is taklng a lot of time. Orice
projects are underway students dori't warnt too many demands on their tlme,
so one day is similar to another. It S eefis llke the shortest perlod o>f the
day to me and them. This pattern continues throughout the year.

OUR GENERAL CALENDAR

Sept: Several days of group act1V1t1es to get acquainted:
Define the area of study:

Outline a plan of work:

Get equipment ready and start research/experlmentatlon

Bct: Setect two projects from the spring fair to enter in the
Arizona State Fair youth competltlop (Not the Science
Fair)

Nov: Aééigﬁ Space Shuttle Competltlon for semester exam

The class had a winner each of the first two years of

competition. R
Jan: End of semester. Some stﬁdéﬁts 1eave, others enter.
Feb: Learn results of Space Shuttle.

March: Participate in ArizZona State Univer51ty Engineering Design
- and Testing competition one Saturday.
April: THE SCIENCE FAIR!

777777 1 am a ge%oﬁfce person for students in the process of planning and

defin;ng their work: I set the requirements for evaluation; read and react

to their weekly reports; and constantly try. to find ways to improve the

process. Students usually prepare their own lab materials but I often must
help students make contacts with resource people outside of school. I take
full responsibility for care and uSe of expensive equipmenit. The projects
class uses a typical chemistry classroom, adjoining laboratory afid stock-
room. The projects are crowded on stands, in hoods, on co*u’nters;rand just

everywhere. The animals--rats, mice, frogs, fish and newts-- take up con-

Siderable space but all scienice facilities are available to us: Since all

sciernce materlal and equlpment are ava:lable for student ‘use, the science

store room of '"collectables'" since I am not the only beach comber or pack

rat on the science faculty:. Dangerous chemicals are in a sep-.rate stock-

room under my control; however. We are very crowded and equipment is

stored in cupboards in the lab. Students are allowed access to eguipment

after I have established their knowledge; skill; and awareness of safety
factors Tools, cameras, mlcroscopes, and expEﬁéive equipEEht été Rept

as needed for, if the chemlstry classee are to be in the ]ab the next day,

all eounters must be left clean and clear. I also do con51derab1e clean-

obV1ous that this is a room where much is done and acomplished. We reaily

65

ERIC

Aruitoxt provided by Eic:



Q

ERIC

Aruitoxt provided by Eic:

61

need an animal -oom, 1 mcore sultable greenaouse and a darkroom. I don t
take responsibility for everything, though. Students are encouraged to do
extra lab work after school to extend their experiernice and they take comn-
siderable resporisibility for their owrn learning.

EVALUATION

Students are evaluated on how well they meet their responsibilities in

choos1ng work of a suitable level; and how they pian and carry out their

work, turn in their record book Weekiy, and maintain serious and mature

behavior:. Each week students complete a seif-evaluation sheet and I add my

evaluation. if we differ in the evaluations a discussion of the reason

follows Grades tend to be very hlgh

of some kind. High 1level students rdrely fa11 at anythlng, especially

routine lab work; and they begin to relax when they realize that failure of
an experiment is not 4 personal failure. Actually, I am primarily inter-
ested in how they gd about the work and not the individual outcomes when I

o I try to av01d telllng a student h1s 1dea 1s not good Instead since
sclf-evaluation is a critical goal, I try to turn the discussion so the

student makes his own assessment and evaluatlon. I avoid answering certain

questions if I feel the student needs to make a decision. Excessive rules

and directions are avoided. Instead of giving a negative opinion of a stu-

dent's poor efforts 1 suggest tiiat the work may be too difficult for him.

Th1s usually gets immediate improvement: I also avoid wearing uncomforta-

Durlng the first three years the semlnars were evaluated with teacher,
students, and parent evaluation forms. After that tJme the seminars seemed
well established and I have not conduct°d much program evaluﬂtlon since. I

have not been given time or suggestions to do sc but I do seek and listen

to comments. I would like more:

For program evaluat1nn, surveys of past graduates would be very use-

ful. I do have some contact with past students and their evaluations are
gos}tlve,iput f don't really know the value of the program to most who have
been in the class. I would like to know if the class was beneficial to

them; how it was beneficial,; and what they think would improve it.
A few years ago I felt high school research was of no value. NoW my
attitudes toward student research, prOJects, and sc1ence fa1rs have changed

dent s knowledge. 1 feel that a resedrch prOJect should not be an after-
school hobby~type activity. I once opposed sciernce fairs because I had not
seen how important the experlence caa be. to students. Succesful Partrcrpa-

tion in fairs promotes the science program and prov1des recognition for

student success, rnot equal to spor*s performance in our school, but getting

66



Q

ERIC

Aruitoxt provided by Eic:

62

there. I now recognize a greater potential of the teenagers contribution

to knowledge. Administrative support is very strong and very necessary.
Our administration allows the class to be held 1f 20 or more register and

tration helos with budget as well Our budget needs are small but we truly
need flexib.lity. Last year I applled for a grant from the Arizona Associ-
ation of ¢{Gifted and Talented organization to purchase an old used water
hovercraft for students to redesign and fix up for land. It had a light
aircraft-"engine; its own trailer and looked terrible. We were granted $390
to purchase the craft. 1t is keeping three students very busy thiSﬁ?eér -
Hnd Will bé Véluéblé in yearé td Cdmé The poiﬁt is, some need§ arise

ditures. We frequently necd hardward grocery, and med1ca1 items right

now; we can't wait. An administration that recognizes this is a great nec-
ess1ty L
The prlnC1pa1 s door is always open, and he is easy to approach He

treats teachers as profess1onals He also takes his tunch with the teach-

€rs. This is one of his greatest influences! Although th administration

is supportive and the class will continue with present goals as far as 1

can determine at this time; I see the class being dropped when registration

shows less than 20 students. Next year more may be required because of the

shrinking budget. Past successes do not mean anything when decisions are

made with numbers. I tnlnk the shrlnklng budget Wlll eventually e11m1nate

Parents also are he]pful and supportlve although I f;nd through the years
parents become involved only if they are asked. I always ask for help at
science falr t1me W1th transportation and I encourage students to get

,,,,,,,,,

Attendance at two workshops I hav: held indicated teachers are interested

in student research. However; what I have done cannot be done without a

class such_as I have. Projects should not have to be subsidized by_both

teacher and student time. If the admlnlstratlon does not allow time I see
no way for a teacher to get involved, and no reason. If I wanted to start

this program in another school and given administration,,department head

eager to 1nvest excess time, these actlons could get a class started:
1. Advertise the class prisr to reglstratlon Make it clear

this ciass does not replace the regular science classes:

This is very important to prevent competition and

7 dIscontent in the faculty:
2. Canvass Interested students

older tne better for a sLart.
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If possible have prospective participants attend a science fair.
Teaéher (or teache's - ideal for teaﬁ teaehiﬁg) aﬁd studéﬁts

[e 1%, 1

plan of action. Group,dlscusslons W111,c1ar1fy procedures.
There is no best procedure - just one that works for a group.
7. Requ’re a permanent record book to be turned in weekly or
at some short interval. _ o
8. Have teacher approval before work is started. Take
care with dangerous procedures.
9. Stress the importance of background 1nforma£ion and

_ assist with literature research techiigues.  \
10. Good luck. (Kids will- surprise you with what they can do.)
A strong science background is a must, not mastery of all subJects Sut
cnough knowledge to know where to get help. Laboratory and research tech-
niyues are necessary and use of hand and power tools is hlghly beneficial:

A new teacher probably should not attempt a class IIke this one although a

p0551ble exception could be a teacher who had been in such a class before

or who had extensive research exper1ence Even though I have been teaching

this class for a few years,if need more and better 1ntroduct01y activities

for the first two or three weeks to ease the adjustment of new members. It

is easy for students who were in the class preV1ously (thev can take all

four years if they can so arrange schedules); but newcomers; especially
freshmen; need time to realize what is to be _done and to adjust to the

less-structured atmosphere. I also need more 'how_to'" books aqd,artlclest
0ver the years I Five eollected srngle coples of very uséful booké aﬁd

tem,books do gradually dlsappear. ,For,example, last yearranrexcellent bpok
on olography disappeared. 1 rationalize that if a student takes such a
book he might use it but, I sure fniecd them myself

There has never been an aide for my part of the program, but one would

be hlghly benef1c3a1 Orlzlnally thererwas an aide tc keep treck of place-

mernts, supplles and cudprt fe  the four seminars: She was very helpful

with field trips, letters ar- se'ephore calls. Increised planning/research

time for me would enable me to have more and better input as well. I have

trouble providing help and student needs for specialized studies. And;

increased planning time would; perhaps; enable me to be more innovative.
Sometimes I think innovation is inversely proportional to frustration! The

pride and satisfaction I experience when students enter competitlon,
whether they win or not; are extremely rewarding. I feel rewarded when a
student accepts a challenging task, completes it, and presents it for oth-
ers to cqn51der or evaluate. .When students do win some recognitlon they

are amazed as well Their pride invariably results in greater maturity and

self- -coricept. This is a learnlng pracess not many high ‘'schoolers experi-

enice:
It is rewarding to have students return aftcr gradeatxon to express

th61r appreciatlon for the class: I also find I 'am much closer to this

group than students in otuier classes and I try to keep up with many of them

after, they graduate: Most of them were also in my chemistry class; adding

to my understandlng of them '‘as individuals.

There was a reward of sorts when a mother presented me w1th a: °petia1

gift. Her son had won the sweepstakes with & project involving rats, many

rats; and she made a needle point plagque with cute rats and the legend
"The rat race is over and the rats won!'. Other recognition has come in
L
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beirig named Outstanding Scierice Teacher of 1978 by the Arizona-Nevada

Academy of Sc1ence and Runner up to Arlzona Teacher of the Year in 1980 I

for Arlzona Assoclatlon of Glfted and Talented and two for ASTA Recelving

the Super Teacher Award given at the 1982 Senior Awards Program was most
gratlfylng as we11 Drofe551ona1 organlzatidns are also important as I

my copies are avallab‘e for stuaent use. A student reCently began a plant
cloning experiment because of an article in TST. And, finally, NSTA, &

professional organizatiom; gave me the opportunity to say all this: i'd

like to end as my program always ends, with student achievements:

STUDENT ACCOMPLISHMENTS IN THE PROGRAM:

1 state first place winner in céﬁﬁﬁter ﬁragiaaaiﬁg

WINNER AT THE INTERNATIONAL SWEEPSTAKES in computer programming
A sophmore who authored a textbook in crganic chemistry

194 awards at Central Arizona Regional Science

and Engineering Fair =

23 first places in 7 SWEEPSTAKES which were then entered

in the Internat10na1 Sc1ence and Englneerlng Fa1r

o ok ok

%

10 academ1c scholarshlps to Arlzona State Unlver51ty
1 semifinaliist jin Westlnghouse Science Talent Search
2 regicnal winners of Space Shuttie Competltion

2 presentors 4at Army Regional Junior Science and

A I R i

Humanities Symposrum

1 of the top 6 winners of Science and Humanities Symposium
1 of 10 top Edison-McGraw winners for the United States and
Canada

* 6 science winners at_ the Arizona State Fair =

* 1 répréééﬁtatiVé of Arizona at the West Virginia

$

% 1 Earth watch winner for two weeks at an Archebidgicai ﬁig
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Chapter 6: Methods and Applications of Science

!

'

By
Lois S. Durso

Easthamp?on, Ms 21075

W1111sto. Northampton, ' 7hdependenb school with 430 students in
grades 9-12 is 1ow co- educationa merﬁe* of ¥iiliston Academy and No*
thampton School for Girls create; the p; sEnt :~nool with its diverse stc-
dent population One fourth of the <: dents Iome from outside of the

United States and the remaInIng ‘three-fn. iiﬁs represenc 26 states: in ger-

erat the students are p1ann1ni¥to attenc Jlnge after high schoni.

The school is led by Chr stopher C.  ery, headmaster; wiih departmeut

heads and what must be a more-or-less standard number of adminis-:ative
support personal W1111ston Northcn"-on kas an upper school of grades ¢ to

12 and a middle school for grades 7 and 3. The campus i:ciudes several
buildings and a great deal of space outdoors for sports and othe:r activi-
ties. The_ Arts and Science Bulldnng with attached green-hous i$ near

pond used for ecologlcal study by all of the biclogy classes. N
Methods and Appllcatlons of sdience, designed for nori-science, mathe-

(‘.
=]
[\
[+4]
H
[+

matically anxious students, enables students to fulfill their secomnd year
of science requirement--two years |of science for gradua With one of
these being a junior or senior level course. The course Includes a wide

range of student abilities and incorporates study of the interface between

science, the humanItIcs, and society

Methods of Science was designed to fit the needs of students who

needed some science after biology but for whom a chemistry/physics sequence

d1d not seem approprlate We had \a course for loher aBility students

did not challenge them We felt,stroqgly thatfth1s new course; as well as
our others; must reflect that science %g something one does; not just read
about_or listen to someomne describe. |

Teaching for over 10 years has dlléwed me to watch students wh11e try-
éng to understand their sources of dlfﬁdculty Several workshops dea11ng

curriculum have given me considerable insight into adolescents and how they

maie up explanations of naturaI phenomena: Another source of inspiration

has been my own reagIng program of professlonai Journais, course books; and

sther related materials: Conversations with some practicing nuclear phys:

cists also shaped my ideas, curr1cu1um, ‘and| 1ns1ght into needs.

ponded to immediately. I was hired by W1111ston Northampton School and
after several discussions w1th the depart ent head; John Gow;_ it was
""" & course. Mr. Gow and I dis-
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eggséartﬁé needs of the class; the popuiation for which it was intended and

of specific top1cs being covered
John Gow s suggestlons about methods, h1s comments when he V1s1ted the

des1gn1ng,the course cortent and methooology I was also allowed consider-
able freedom. My husband, John, a theoretiCal nuclear physicst, prOV1ded
his knowledge of Scichce and Sources of information as well as his own phi-
losophy of science and learnlng ) 7

As_ we wrestled with the need for the course we were mak1ng decisions

about methods of instriction to be used We wanted active student involve-

ment with both tlie materials and the methods used in teachlng As the

course was a new one and inquiry was the method, I often asked students the

use or ,value to them of some of the work done Their considered responses
made the course their course as well as mine: Scier involves an active

corisideration of variables, decision making, and action. For our course to

be scierce, students had to be actively involved with the process; not

merely passive lrsteners

n1ty for me to work and by allowing for the creative thoughts of myself and
Mr. Bow to bear fruit. Our administration is one that encourages profes-

sional response by expecting it. Without that support our task would have

been difficult.
An inservice program given in the school system where I worked sug-

gested the possibility of developmental (Piagetian) issues be1ng 1nvolved

in problems with Students. At the same time, I was taklng a refresher in

educational psychology at Mount Holyoke College and became interested in

the 'results of how our students scored on a group of tests designed to ~ea-

sure students' ab111ty to think on a concrete; transitional; or fc—mal

level As 1 tested the students on these problems; I noted a strong corre-

lation betweEn th61r deveiopmentql tevel and their degree of difficulty

with thi <oncepts I had identified as trouble makers. I became convinced

that I could offer information to students in more meaningful ways.
In a series of workshops using the Karplus Development of Reasoning
materlals I found the Learnlng Cycl° to be a useful model to follow The

to offer a second series of workshops, a full year program in the appixca-

tion of the learnlng cycle and microcounseling techniques as well as synec-

tics and lateral thinking. I eagerly attended that full series of work-
shops.
The next prOJect I worked on was another NSF gran:; again at UMASS.

This time, as one of the St;ff i worked with science teachers from all

over new England designing curricula in the sciences using these develop-

mental techniques and understandIngs I feel that what I learned as a par-

t1C1pant in these workshops was instrumental in designing my cou @&s. Mr.

Gow attended the last workshop, Methods of Science; and I found i.ilat quite

supportrve Now, the grant money is gone and there is no further workshop

series. However; I am in a doctoral program at the University and will be
pursuing many of the same ideas in my coursework.
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OUR PROGRAM

The purpose of science education is not to 1gnore science to the p01nt

where it all becomes social studles: I structure the course to show where

how, and why science seems to be in conflict with societal values. While I

do feel that soc1al issues result from the application of science; I am

very much opposed to the idea that understandlng of how the natural world

furctions should take a back seat to social issues. A scientist does not

need to be a humanxst, but they are c1tlzens and must be aware of the

majority of sc-ience students in hlgh school will never go 1nto Scierice ds a

carecr--the 'z - numbers I saw were that two percent of the population

carns iru nyey doing science. I see science education as doing two
things: pr Jtlng the methods of science as ways to identify 4dind attack
ploblcw' .+ iusues and presenting science facts that can benefit or inter-

est the iaa. vidual.

Students need to know that they can think so they will be W1111ng to

do so. They need to practice these skills se *hey cdn examine the ideas of

somcone else rather than blindly accepting from whatever source shouts the

loudest. Science says exdmine the facts, look at the ev1dence, then decide
what explanation best fiis. Thie is more than science; it is the essence
of education.

T have nev~r thought i m;selF das hav1ng science students; I have siu-

dents in a scierce clqss T don t see sc1ence students or Engllsh stu—

many thlngs iii their enviromments: I see a need and value for all students

to be exposed to the ideas of science -- experimenting, reprodicing, learn-

i-g fdl%“‘dblitty, trylng technlques--lf only to gain an_ appreciation for
those things: I see learning as science and I want students to see what

they can 1earn just because knowing things is a good fee11ng and belng able

to use the methods of science is to their cown benefit. They should Iearn

the methods of sciuice. and how they compare to those methods used in the

humanities. They should lcarn about the univearse and about where science

may directly affect their lives; how science and potitics or society go

together. Above all, they should learn to ideatify, attack, and solve

problems relying on the1r own ability to think and to know when and how to

find help.
In general ourrstudents are of high academic ability but somewhat

drixious about mathematics or simply n~ i oriented toward mathematics or sci-

eh:e ds & career. Several students have been on honors status but most are

riot. : Last year, with 19 students Methods and Applications was a large

class for our school. Our students range from middle to upper m1ddle class

socioeconomic levels and their attitude ranges from efnthusiaztic about

school to "I don't like it but I have to be here." This year we have two
small sections of 10 and 12 each with a wide rarnge of abilities: As a

result,; we have had to modify our materials and strategies of last year.

As our program is continually evolving anyway, this was not a major prob-
lem.

I think "issue- centered is an appropriate deserlptlon of our program.

Fach issue presents its own problemsias questlons arise and the students

perceive the scope of the issue: Fiex1b111ty 1s built into the plan allow-
ing student interests to guide a full quarter's subject material. In our
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discussions about benefit/risk in general and in energy, ecology, and

genetics épecrflcally, value, eth1cal and moral issues are raised. At no

time are we looking for a rIght answer. The aim is to consider all of

the rémlfrcatlons of the probiems before an individual decision is made.

Then; the ability to back an opinion with facts should be the deciding fac-

tor. chagreement is frequent and recognized as a value:

Science and how it works as a human enterpr1se is really the central

focus--how we can use science to serve the needs of humank1nd through

uppllcatlon and technology is a secondary focus of our program: While I do

se2 it is useful for a science class to deal with social Issues--espeCIally

for this class--I do rot wish to dedlgrate science to a back seat: Science

is learning about how the world and the universe work. This knowiedge mav

serve the needs of man; but I do not apprOach learning science in this sin

pllsth fashlon Sc1entlsts do sc1ence because they need to know; much in

ately 1nvolve genetlcs and power. I use the Nuclear Power Dllemma _simu-
lation developed by Chet Corkum at Deerfield Academy. This simulation

requires that students know about power and radiation so, guest speakers
are invite”' ”h's year we had a cadiologiSt é physiciSt a pOWer company

v‘oresentatlve as well as an alternatlve energy source dealer. Students

take the rolp of eVOertc; Congressmef, and attorneys while economics, sci-

ence; .nd political realities all come into play: The genetics unit

focu¢(; on &eqetlc rounbelfﬁg with students studying ilinesses which are

genet: 13.ly irheritec. Students learn about prognoses, frequency; cost and

the met! >ds used by counselors snu rhe possible outcomes of their findings:
They then role-pley legislatnrs anoe design laws governing genetic counsel-
ing; fundlﬁg, and outcomeé. ) : . }

I think i+ 255 of local cer_crvation issues; political structures;
and businesses give proof tc .. fact that the course is relevant to our
CbmmUhitY Q"i'i'(:e dur studéhté are mdétly bdérdéré éﬁd cdmé frdm diétéﬁt

size that mechanlsms, methods, and corncepts are useful as tt 2y dre transf-
erable to new 1ocales We also use simulations to deal with the beneflt/

risk concept as applied to energy sources and genetic counseling: 1 feel

chis dnderstandlng of the interface of science with values and politics is
1mportant

w;th conservation related 1ssues and so, thereby, relates their skills

directly to environmental problems. It is the belief of the department
that all students will have their lives influenced by science; so, even if

they are not g01ng 1nto sSciernce 1n college, ﬁé féél fhét é khoﬁledgé of

technology/soc1ety 1nterfat

'We have time to cover many tOplCS 51nce the cours~ = -ts [ive aays a

week with two classes of 40 mInutes, two of 45 ‘and one ;¥ 66 minutes for

the full year. During this time the class functions as a gr.ap as £”f961

that societal issueés are best discussed this way. 1 also believe Dewey &nd
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Piaget that studeht:stﬁaehtf ihtéréctioh ,is a very 1mportaht methou of
learning; especially in problem solving Situatioms. #Hen 1 present 4 set
of information on stars arnd then &ask the studeits o devise a scheme for

the life cycle. of a star; they need to bourici: ideas off each other to

stretch their thinking; creat1v1ty, and problem SOIV1ng ab111t1es Indivi-

duallzatlon on ass1gnments comes about as I tailor the topics and refer-

and problem SOIV1ng as well Often a pair 1is asked to meet with amother

pair to form a consensus. Except for tests and two research papers pro-

jects always are done in pairs and small groups: Students are encouraged

to help each other by suggesting sources and sharing knowiedoe, ideas; and

abilities.
Any time it is posslble, toplcs are introduced by presentlng opportu-

nities to obserVr *nd discuss situations before term1nology 1s presented

explore a phenomenon and develop concrete understandings before abstract

theory is presented:

First Semester

Is Lhere life on the desk? How could you prove your answer?

Vlklng tests - how done, what blology they depend on

Drake s equation on the possibility of life,; intelligent life;

Means and thflculties in contacting extraterrest11a1 life forms

Astronomy - what was known; current frontiers; radio astronomy

Up to data - via NASA - information on planets

Stellar 11fe history, spectra,; Doppler effect

Cosmology - difficulties in studying, current theories

Origin of earth o ) )

Paleogeology;; plate tectonlcs, rocR rock formation, type,
use of; cycle

Seccend Semester

Benefit/Risk - interface between science and technology and the polltlcal citizen.

Automobiles - benefits and risks in cost of highways; accidents,

jobs; etc:
Radiation and energy production
Slmulatron of Three Mlle Island Hearlngs

ESP - Nagan on hoaxes - Rhlne s worR

Ecology - Marlne blo]ogy, mariculture, protection of estuaries
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) For the 1982 83 school yvear; I added a unit aimed at increasing the
students understandlng of the similarities between the way a scientist
works éﬁd thé way somEOﬁé wo*ks iﬁ thé humaﬁitiéé I étréé;éd thé Coﬁtrast

srflab111ty The Karplus learnlng,oycle model is followed,1n the deslgn,of
this . of most units. This model provides a concrete base for initial
theory to be presented and .is the beginnings of a teaching rationale. In

this model students f1rst do some act1v1ty that focuses the1r attentlon on

what happens, relatlng the1r f1nd1ngs to the concepts and vocabulary be1ng
1ntroduced The rlnal step is concept appllcatlon After trylng to

tory, and terminology, and hear1ng about plate tectonlcs and eV1dence for
it, students then explain the geography of specific areas of the world in

terms of what had to be going on tectonically.

Activities are desigmed to bolster student self Confldence, to prov1de

tools with which a probiem can be approached so that solution cand under-

standing are possible. Students need to buiid coandence and skills to do

things and to feel the satisfaction of doxng it myseif:’

Our content shifts from time to time as specific subjects reflect stu-

dent concerns. Some th1ngs, however, remain constant: how a scientist

funftlons . the nature of science; methods and tools of science; and experi-

to be studled, They reflect on and evaluate my methods and I respond to
their evaluations. Students have a powerful role in prov;d ng me feed-back
on my mechods and topics. I feel there are many basic ski:ls they need to
practice; public speaking, research, expository writing, text use, group
management; and social interaction. Some of these they don t llke to do

but I insist on all of them from time to time: I insist that they think; a

task some find not so easy. Perhaps many of them have had regurgitation

lessons for too 1ong

a w;nnlng entry in a contest although I would,fof course; help a student so
ifniclined. As to the school in gene-.al, I feel we stack up to the line in

terms of achievement. As an 1ndependent school, a college prep school in
mcst respects, that most of our studenits go on to college is a given not

subJ2ct to meaningful 1nterpretatlon Our program is too new to know what
may happen in the future:

While Williston Northampton requxres two years of science--one a

freshman or sophmore course, the-other a junior/senior ccurse-- most stu-

dents take three sciences and many take four: In c1ass, students are i1is-

tening; talking; doing; thinking-- if only you could cee this. A&Activity is

always var1ed and rea11y d1ff1cult to descr1be 1n any other ’ashlon Stu:

op1ng part1cpant roles and organizing roles. Theyﬁthen take on roles and
Cohduct thé éyéhts, h ﬁtiﬁgs, 6r éttiyitiés They are active in all

Whlle s1mulat10ns are finé I want my class to be the real th1ng So,
I am trying to apply the f1nd1ngs of educational psychology to the way I
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plan my classes. I apply Piaget as seen by Karplus to the actual running
of the class. I use ideas from Gordon and Synectics; from Bob Samples on

creativity, and from do Bono's Laterlal'Thlnklng I try to apply all theo-
ries and 1deas that make _sense to me. I also tLy to have stﬁdehts dé séi:

"right" answer. This is not teachlng sc1ence', I encourage discovery by

offerlng labs where students are not just duplicating the book but where

they identify their own problems and try to find out answers. Students use

experxmental technlques gathering data in mean1ngfu1 ways.

White most books always have a right arnswer and the students try to

get it--and that is atl rlght for teachlng skills--I'd rather say "hHere's

some equipment; use it to find out what materials can pass throigh & mem-

brane and affect a cell: ﬂorng that makes more sense to me than giving

kids everything alil speiied out so they don' t have to thlnk 2. sut what they

are do:ng Follow1ng a recipe and gettxng crepe suzettes ‘may be tasty but

it isn't science. And,; following a recipe and gettlng a beaker full of

smelly 11qu1d is n81ther tasty ndr scxence Technxquerves but science; no:

concrete results, While materials;, rec1pes and products are not terribly

important; good inquiry is. The process of thinking and app;ylng the meth-
ods of science are not t1ed to a specific set of apparatus or outcomes but

whatever is available or happens.
Materials are stored in more or less standard ways but students are

told what is available and warned about safety. They get their own materi-

als, work, and, shortly before class ends, they put things away. We use
materials from physlcs, chemlstry, and biology as well as earth science and
students have access to whatever is appropriate to the problem they are

Investxgatxng We use the 11brary a lot as well as microscopes, spectro-

scopes; rock sampies, astronomical models, fossil models, and printed

materials. The never-ending source of nontradltlonal materials such as

speakers and pamphlets is what really makes a difference:

RESOURCES

Iri addition to issues of The Science Teacher, The American Blology
Teacher, and Sc&ence 83 newspapers, Nova and other télevision series on
science and niature, I have used the following &as sources: The Search for

Life on Mars, Holt, Rinehart and Wlnston, N. Y 1980; Cesmos, Earth and

Man; Yate UnIVerSIty Press, 1978; Cosmos. Random House, 1980 Broca's

Bram Ballentine; 1979; The Bragons of Eden, Random House, 1977; Mur-

murs of Earth; Random House,; 1978; Quantum Physics: The Gosmlc Code,

Th'b'iiiﬁséii; Astronomy: Fundainentals and Frontiers, John Wiley and Sons,
Inc.; 1977.
Some of these materials just give me basic background information to

frush out. what is available to students as they research. Vrﬁpme”qf tgg
books are on reserve for student research while others form the basisrfqr
occas1ona1 lectures. If I were to truly list all of the books I consult

for information, diagrams and data; I could fill at least three or four
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pages: What is important is the constant effort to keep current in the

fietds with which I work
Teachers need to take part in workshops as anoth-r way of stayxng cur-

rent. I took ome with my department head last year and now the workshop

group has a reunion planned. Obviously, we all felt it a pos1t1ve and use-

ful experience. I am taking a course now on Creativxty in curriculum

development which provides me with techniques to benefit me and the stu-
dents. So far; students like the methods of ocur class.

To help keep students currefit I use video tapes so students can see

programs that were not available to them, I use outside speakers to present

points of view that I do not know and we disggssmgreatrve processes; and
soc1ety/conservat10n/1ndustry issues. Speakers present their poiﬁts of
view strongly and student reaction is obvious: In the case of nuclear

energy,; the pro-and anti- people come in to lerture; generally to the

entire class, and then return to heip each side prepare testimony for a
very realistic simulation. )
Stiudents have some say in the toptcs covered as well and we_use cur-

rent magazines and newspapers as ways of responding to the talents and

abilities of each class: These sources alsc keep the class current. The

use of pamphlets and new materials help to keep all of us up to date.
EVALUATION

Except to the exient that we attempt to make stﬁdents aware of their

own th1nk1ng,sty1es, personal problems are fist a part of the course. And;

there is only minor emphdasis on classical memorization; although some is

necessary to retain information needed to solve problems. Most questions

involve cons1derab1e thinking. For instance; after a marine biology unit,

students dare presenited with a situation Involving a conflict of economic

and environmental issues; questions which can be answered either way. Stu-

dents are expected toruse facts, develop analyses; make decisions and Just-

ify the process. There is not always an answer and rarely an edsy oOne.

Micrccounselxng techniques are a major part of my teaching stratééy

I try never to answer questions but try to make the students find their own

answers. I never play Mr. Wizard although it is a tempting role and per-

haps suitable for an entertainer. But I do not see entertaxnment as my

pPr nary role--1 want to elicit, to cause students to generate ideas. I

War. to faC111tate s1tuations where 1earning can take piace. i plan 1es—

wait time and don' t 3ump 1n too quickly Thinking takes time and I wish to
prcvide all that is needed. i
If you were to come into my classroom; I' 'd be seen_ talking to the

entire class, to 1ndiv1dua1s, and to small groups at different times. I

would be heard asking many questions &x! naking few sfatements. Sometimes

1 might give a mini-lecture at the co' cep._introduction stage.  But, even
in a mini-lecture of five or ten minutes I try drawing on the students'

experience to make points or relate new ideas to old ones; making analogies

to help make the strange familiar. Students might be using equipment of

some sort to find the_ answers to questions or, better yet; they may be

seeking several possible answers. In my class I hope you see evidence of

students workJng tagether to solve & problem. They might catch a visiting
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Luck is not a f. ctor in our program, though. We plan for innovation
and Stlmulatlon and changlng methods is the best way I know of to avoid
stagnat:on The bost teachers I know--thé ohés thé studénts téll me ére

one year to the next I SOmetlmES thlnk that the best way to avoid nega-
tive changes is to change tedching assignments every other year.
I read lots of good magazines such as Science '83 and Discovery watch

NOVA, The Body in Question, or Life-on Earth and remeniber the wonder of

it alt and try to project that excitement. I can't redlly be excited about

the same stuff year after year unless I Change my methods, approaches, or
knowledge: The kids can sense a dull approach.

I rarely use the sgme mater . : in the sane way more than two years in
succession. This 1is becagse 2,@‘“‘“9 too aware of all the problems that
the students could encounter and smooth the way for them. I need a rnew

situation for the students and myself so that we can all feel the quest,

the search; the lack of knowledge If I knew all of the an ,wers ahead of

time it would not ‘be science. If the students come to me for the rlght

answer,; the way it should happen; I know that I have done a poor job in
teaching them how science works.

~ Although I am willing to share ideas with others; I feel that the
prime benefit of such sharing is to generate ideas “hat are new; a new
method, & new way to use sométhing. Stagnation is death to science and

dedath to learning. A teacher must learn new things and I make no secret of
the fact that I take courses and redd bocks and try to learn new things or
that I don't know the answer to & guestion.

We talked about hellum this year and the students were 1ntrlgued hy

the idea of a future with no helium baloons if the current supply runs out.
They asked me where we got helium and I d1dn t know. I did find ocut the

major source was a cave in Texas: It is a neat thlng to not know and then

to find out. Sometimes I ask the student to find out the answer: It

depends on whether I can provide correct resources for I do not like to
frustrate this kind of search.

Since the start of the program; units have been cnanged somet imes in

response to the students' abilities and sometimes in response to new ideas

I get from readihg and conversations. In this course I am unhampered with
the need to produce a student who can score well on a particular exam and I
have the pleasure of exploring with gquestioning minds. I f. .r that the

qucational Testing Serv1ce and s1mllar exams agencies do not test the
skills I try to erigender, except perhdps fcr section$ on analytlcal think-

ing, and there, only in part.
Seif evaluation plays a part in many gradcs or proJects with an empna-

sis on the formation of questious and regsoning out a situdation by applving

facts to justify answers: Improvement in therablilty to base a declslon on

facts; to think it through; is aiways more Important than a mere yes or

"no." I reaily want to include more self-eva’ ation for students as I feel

that self-evaluation should be a major goal of education:

Students also are evaluated carefully by tests; quizes; lab reports;
oral and written reports; homework assignments; term projects; classroom

attitudes, and group work. I want to know how much a student knows. If I
compare dissimilar ideas, looking for similarities and differences; then I
may understaﬁd the 1deas If you can tell me how the blography of a star
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issue and detail both the ecological and the economic factors, then you are

telling me you can deal with the concépts.

Teachers also are expected to self-evaluate as the school requires
some form of self-evaluation from every teacher. The means may vary from

person to person and include input from students on teacher evaluation
forms and teacher self-evaluation sheets. We are evaluated on our partici-
pation in professional organizations and college courses or workshops as
well. . ]

1f I were to evaluate my program, I guess 1'd like to look into the

future and sce how student attitudes have fared. Do students feel a heal-

problems with a sense of confidenice? Do they look critically at soluticns

they are given? Because this course is designed primarily for students whe

«ill niot major in a science field a career follow-up really makes no sense

but; it would still be interesting. ) o
The philosophy of the head master and the school centers on the whol-

istic education of the students as persons furctioning in society. Our
school really allows teachers to fumction through giving them a great deal
of freecdom in course plenning and curriculum design and my department head
is supportive and helpful: I know the school is concerned with education
ind 1 know they hear about the course from students. I do the job they
oxpect. Having taught several years in a public school where the role of
the administrator affected my classroom a great deal, I am delighted to be
treated as a responsible professional. They expect me to care about the

education of the student as a whole persoi--aot as a science student
alone--and I do it. o o

Our administrators have supported this program by letting me do what
ever 1 feel needs to be done and which I can justify. Basically we operate
on a feeling of trust. 1 also am encouragaed and supported to attend con-
forences with the school helping financially, osually totally.

While our goals arc not changing, topics used to illustrate or as
examples may. I may also shife the use of techaiques around as I feel .

stagnznt course is no fun. As the goals are always the same, so are the

behaviors and attitudes and concepts I expect from students. My use of

tole playing, analogies, Iabs; 'activities; visitors; materials, and day-to-
day presentations will va:y as new ideas suggest themselves or as student
needs change: ) L o

.~ Since, as a boarding school; my community is the students, not only
does outr program respond to the community, ue are the community: I listen
2 lot. 1 want to learn more sciefice and more techniques and then try them
out to see what works. Thore is fio text that covers what I'd like to cover
but I almost am glad about that. I do think that teachers and studeants
sometimes feel safer with a text. Fewer decisions must be made; fewer

plans must be laid; it is easier to describe what you do. Personally, I
like the idea of hunting up informatiom or going with a new finding in the
newspapers. That keeps me and the students up to date. It also impresses

the tentative nature of science: That is part of my message about what
science is and how it works:

The only changes tfat woulc materially affect the planning of the
course would be to increase my understandivg and ability to apply educa-
tional psychology: I want changes which enhance our success: For that

reason I am taking graduate courses at the University of Massachusetts. 1
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also read and go to lectures whenever p0551ble, 1ncrea51ng my knowledge of
shat is gox on in natural science. Tnese changes ifiprove e and my

teaching because they makec me more knowledgeuble. I have to know somethlng

very weil in order to make it really uniderstandable and accessable to all

students:. How can I put this so they will see it? How can I give them the

backgtotnd for the concept %o make sense? How can I create a proper learn-

ing environment?

If you rea;ly wantod the program to faii lecture eVe*y day, get a

dependent on themse]ves As the program evolves I hope tOpICS covered will

reflect current iSsues and the relation c¢f scierice to society. I want stu-

dents to galn an understandlng of the sc1ence 1ssues under dISCHSSIOH I d

they can deal w1th conservatlon fiore ratlonally I realty enjoy this class

where it is fun to think. Even I as the teacher have to think in this

course. I f1nd it fiice to remember ttat I can: I have taken szveral of my

ideas to cornferetices and I think that those teachers have used some of

them. The approach is important to make kids think and prove to them that

they can. Teachers tell me the units work and the philosophy makes s«ns..

If I wanted to start this program;ﬁn another school; I would provide

the outline and fill it in with speC1f1cs that match the situatioiis. The

topics covered are not too important in themselves, it is how they are

treated: I would read about Snyectics; Lateral Thinking, perhaps read a

book by Robert Samples. Celebrating the mind and allowing students to use

theirs wouid be my goal. I would provide inservice on the Karplus Science

Teaching and +he Development of Reasoning 'm"aterlal I would tell teach-

ers to take a chance; let the kids take part. Doii't try to tell them ever-

ything fo. ' <. rsmember best what they firid out for themselves. It is

really mo - .7 _,attltude on the part of the teacher to seek things out;

that way y« moel the behavior you a-e asking from the kids. .

I an an activeée meniber of NSTA and ‘the state affiliate MAST confer-

ences and piublications are important to me: Conferences and journals both

give me & chance to share what I kmow and to learn new methods and facts

about scierice I am also a member of NABT and find the American Blc!cg‘y‘

Teacher USéfu ttough more so in my L)ology classes ‘than_in Methods. I

Students found it useful and clear and on'a level they could read

1 read the Science Teacher and often incorporate items from it in my

ciass: The free and inexpensive colum is especially useful for the Methods

~f Science course as it offers materials that I get into, our library for

student use. I am a firm believer in professional mesting attendance and I

go whenever possible. I usually presernt a program and then attend all the

sessions appropriate to my interests. Even if 1 do not use a method from

the conference itself, the creative boost I get is great and I enhance my
own Skills of preseriting to my peers.

I would like to formally acknowledgo the help and support . that John

Gow has given nie in designing and Implementlng the course. His sugges-

tiois, his asSLStaHCE, and his supportive attitude have been most important

to the success of the course. I would also like to acknoweldge the support

and knowleuge given to me by my husband John Durso. Whern you are tegohlng

a course that deals with the philcsophy of science, it is nice to have a
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theoretical physicist with whom to discuss things. Conversations with his

colleagues this summer added new dimensi as to the way the course was
dfféréd thié yééi aé Qéll

tloned--thatrﬁs,;he inspiration of Elliot and Rose Blauateln, tong time

friends and highly esteemed teachers. Their work in education including

books, projects; and programs they devoloped for the New York City system

diid 1ts parts, has really been part of my whole approach to science educa-

tlon Wlthout all the course work I took to get to my own understanding,

manyrotherrteaghers to thnk of science as a verb; a thing to do and to
think ’ab"o'u't a'n"d to get ithlVéd i'ri They did it 'n'atijta'lly, ‘because they

lsus models .

L Y]
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Chapter 7: Problem Solving In Phymcm Science

By
Eva Kirkpatrick

Seckman Junior High
‘Fox C-6 School District
B 2810 Seckman Road -

Imperial; MO .63052

Seckman junior high ahout 36 miles south of St.~ Lou1s, is in a’ 100

sqiiare mile suburban school district with a populatlon of 50,000: Malnly a
bedroom commiunity of commuters and dubbed the "trajler. capltol of the

world by the ut111ty company, the d1str1ct contains several small factories

makirg sich things as purses, sanitary belts, and beert cans . A few dairy
farms are left as well.
About SO% of the families are lower middle income or below the poverty

line, 45% are middie income, including the farmers; and 5% are profession-

als. The communrtyrls growing and is try1ng to attraet more businesses to

furnish employment and increased revenue.

Nine-year old Seckman Junior High, tucked in the valley between two
Ciarh”hrll ridges, 1s nearly 1so]ated when 1t snows Twice the faculty and

to reach us._ Sprlngtlme, though, finds us with falryland v1stas of dog-

woods. and redbud )
We have 760 students in grades 7 8 and 9. The staff of 35 teachers,

two counselors, pr1nc1pal and ass1stant pr1nc1pal part-time nurse; five

cooks and four janitors work ifi 8 one~story bu11d1ng about AQO feet by 150

feet with 29 classrooms, a llbrarv bdnd and choir rooms, and a gym aud

cafeteria. Our yearly science budget is $760 for five teachers, divided

equally, and that includes our paper suppiles The last two years at QOpen

House parents have expressed surpxlse at see1ng only tables and chairs and

not the usual 1lab furniture they were used to during.their high school

My classroom is a square, apprbxlmétély 30 feet on a slde The air
conditioning and heating. ‘have never worked in nine years and it gets as hot
as 98 degrees in September and May and 56 degrees in winter. After the
Administration spent a fortune trying to get the heatlng/coollng plﬁ': to

work properly, .the latest engineers found my room had never been connected
_to the heating ¢r cooling pipes in all the nine years. Our plain science

labs each contain worn, formica- topped tables that seat two,; plastic chairs

that are becoming dangerously brlttle,rand one small demonstration desk

with io facillties such as gas. The science rooms have: “but one sink each.

Our cabinets were built by me and the JaHItOI and we have no animal rooms-

or green house. The physrcai science room has a closet for a stureroom

while Biclogy and Earth Sclence have small storage rooms.

82



Q

ERIC

Aruitoxt provided by Eic:

78

In the past ten years; with more middle: -lass families moving into
Jefferson county from St. Louis; the community attitudec toward education is
morc cxpansive and appreciative. No longer is the sttitude so prevalent
Lhat students axe 1n school only Bééausé the law 'tqulres 1t Thenty:five

cularly, concealed the fact that I had a Col;ege degree unt11 1 had the

coufidence of the community. They were highly suspicious of "educated peo-
ple"

Before I was asked 18 years ago by the ﬁtintiﬁai te come in and sub-
stitute; my husband; & pharmacist; and I; with my pre-med degree and hospi-
tal experience; had our own research laboratory in the basement of our

home. TFor fifteen years we did medical research on 1nJured birds of prey
for the Conservation Commission and the National Audubon Society. We had

no grants; just my husband's salary and; since I was rearing three little

childi. 1, T stayed home. I had ideas, my husband had the mechanc:al abil-
ity, arnd gzether we invented or created our own equipment. This i the

same dpp sdch I bring to my students and classes today.
Leter I enrolled at Webster Un1vers1ty to. meet the state certlflcatlon

requlrement diid earfied & master's degree ii teaching science during that
college's most productive vears of teachlng what was th”” the 1nnovat1ve
inquiry approach. Their :hing methods,; combined with my own lnventtve-

ness and creat1v1ty and . encouragement of my husband, developed pro-

cesses which I still use todsy; processes such as always striving to

improve; simplify, and better. My approach is practical and hands-on.

present a problem; ask students to experirert and solve. My problems are

based on the umits required by our state; light, electr1c1ty, sound; magne-
t1sm, and mechanlcs. 2,

teachers; some who seemlngly haﬂ,never done any expeg;ments let alone,a
controlled one; were teaching strictly out of a book. They were not tedch-
ing how to make a_living out of science; how to get in there and do the

work. While I feel theory and facts are necessary and there is a time for
all,of,that, I feel strengly thdt children have to do the work w1th their

hands in order tou really remember. They need that real experience to build

on and to contirue further in their work and inquiry. )
Insplratlon for my program came as I learned scrence myself: I

saw hundreds of ideas in nature,; books,; and magazines: Past experiemnces in

garden clubs, art, hospxtal and medical research; and orgaunizations were

drawn upon heavxly I talked to peoplz of all kinds and I listened. I

took courses at Webster University,; Boston University; The University of

Missouri; and Southeast Missouri ftate to learn more and improve on what I

already knew. I hope never toc stop learning. Why don't more colleges_and
universities teach science as thougi: it is science and not a vocabulary
course?

Junior ngh Science is taught durlng tha hlghly formatlve years of an
adolescent a strategi . time for orienting students towardrsc1encere1ther
as a prospective sciei.. ' specalist or ds an 1nformed arid literate citizen.
I want to assist studeits in researching and resolv,ng social issues
related to energy supply and conservation; limited resources of lanu water

and fuel; pollution and biological; chemical, and nuclear use in war:
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OUR PROGRAM

I want students to develop an awareness and understanding of the world
and national; regional; and local situacions i: ‘rgy and science-related
social prob]ems 1 wish to provide channels o junication between sci-
ennce c¢xperts and my students. I also wan. _ prepare¢ students for

approaching changes in lifestyle and luzury level. As I work toward these
goals 1 assist students in seeking mathematical facts and the best scien-
tific information avallable to solve imnortant social issues.

After visiting several International Fairs and Science Conventlons I
came to realize =:hat energy,,;ts past, présent, and futi ce irw>ded to ne
'dught and taught now. Tha 011 embargo forced my 1deas tn irultlon Wl’h

) Soclal 1sues are an 1mportant component of our curric. ltm and e Pave
explored and solved the controversy over a landfill &. court. Now we are

becoming invtolved in the Dioxin controversy. It's the sc ool neighborhood
that is contamlnatcd
Eight years ago the county court secretly planned and “cd .+arted to

put a landfill in ‘the hills of Antonia’ The local paper 1leake. - e news

and the pe0p1e called school and asked us to help fight this. The children

and I practiced what we preached and set up the problem as five steps to

the Scientific Method : That was in October.

No lawyer would take the case against the three Judges of the conLry

court so I acted as the people s attorney Mx students ‘cecame rpsearchers

hours researching for us whlle I tdught school. Then, all 1nformatlon was
prccessed in the classrc . The chlldren as uoll as the town people went

with me as we filled t courtroom the three times We went. The local

rlewspapers got bEhind 4nd, in April,- the State Attorn 'y gave us tne

decision, sayirg "Its .e. ok case of where not to put o tandfiti: i

cost us $30 while the ceinty spent 390,000 trying t prove their case. Cf

course @. probably paid in caxes ¢t :t proved tc 11 that you can fight

city hall and wir:
The case of the landfill was excellent in teaching valies anc m.ral

considerations: Can you rmag;nc a teacher; 30 students and over 1U0 citiz-

ens confronting three irate; hostile judges? Our _.lass had much to dis-

cuss.
In the field of energy we have s1m11ar d1scuss1ons and debates These

center on the athics and morals of the situatioii. Why shouid they ciut orf

o-r nil? Can the poor pav their bills? Will we ge. our fuel? Where is

the _cofit?
phys1ca1 Sc1ence is tLe formal firsc step in studying tkcf_“seen worid

2s opposed to the seen world of Earth and Life scienzes. Physical science
is the science of al; the immerisely powerful invisibie erergies such as
gr- ity, magnetism, electricity; light and sound,; all-out mys<teries of the
iniverse. Proplem identification and solving techﬁiﬁhes d2aling in tb=se

enercies and licw to rcommunicate are addressed »y tne student in groups of

tws or moreiorihy themsei‘ts. . B
The program is related tc the student's everyday experiences. It

keeps up with the accelerated pace of discovevies and its applications are

in the news around us practically 24 hours a day. This leads to a tremen-

| dous impact on the culture in which we livc. What we teach today may not
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be true tomorrow. Our content may be physical . icice but our focus s our
environment. Sc; wc have studied a number o1 locally relevant issues;
places; and everts.

Risht now we have the Dioxin controverscy and we just finishd the

landfill problem We Lave cur own energy problem in our school and we have
our families' soaring bills which we wish to cut back with infor - iion
about conservation. We once taught mechanics with toys and ende up at cthe
Six Flags amusement park to test ideas on the big toys; such as 1oiler

coasters. ""P.M. Magazine" then came to our clissroom and televised us for
national T.V. Six Flags spert §$3;000 on us_at :hefpnrk,bétéusé it _was ope
exclusively for us to conduct ¢xperiments while all their personncl were on
duty. N

We get out of sehool at other t1mes as wcll We haVe 100 acres of t.ie
bc\L fossils in the world around oir homes, for the school is in Imperial
Valley, reputed to be the best in the United States for fossils uf certadin

kinds. We have won many awards for fossils of museum quality faund in the

septin taﬁk fleld at our school and in our creek. Mastadon State Park is
rnext tortherschoql, 8 parx which oilr childreit helped to obtein: But; that
is another big story. We &are not Wtalthy but we get involved up to oar

ecks and, some wculd say, in over our heads:
Opportun;ty is given to every student to select a subJect or prob.

which intcrests them: They develop and actually research this pioblex ror

two months: Expetimentatlon foltows and; then, data is collected le . Ing

to 3 solutlbn Thls experlmentatlon 1nvolves the stud"nt so deeply thaL it

ious fields has taught them to forget adolescent shyness and commun1Ca*4

~hrough speaking and writing.
Even thcocugh I have 187 students in six classns much of the vprograin 1s

ihdiv;duallzed for every student and it is self-vaced every lay although
this is slowly killing . T hope the glfted arc .hallernged, *lie av.-rage

itisp.ied, the slow encouraged, and the biurii-o s scolded. ull weri at
tlieir own speed but, I do say, "At the end of the week ] waut ExPEt}W??t,§
on nght, fi:ished or not: I want them to tryﬁto D{gqn}geiithr time to

meat tiit duadline: I find if I don't, some drag on for weeks what should
be done in one:

The essential content of our program is experimentation; measurement;

graphlng, five steps of the Scientific Methtod, nght Chemistry,; Engireer-

ing; Electr1c1ty, Energy, and Mechanics. All are essential but some years
I do more in one erea and other yezars I do more in another field. Never do
I scem to have anough time to do all I wanc One tim~ flgured I couid
teach seven years withovt repeating. However, Some I ‘o repeat, as chil-
drr-1 request favorites that brothérs and sisters have t:lked about .n other
years.

The f1rst week I g1ve the m1n1muu Sf class rules and explaln them:
Then r.e d1scuss them. In this way I fint I get general compliance because
students have input and uncerstanding: I plan the lessons, based on rears
of what 1 know they lile; aiid introduce new ideas to try out: At 3 .mes

they ask; Are ws goirg *n build windmills 1ike they did last year?" "Na,—"

I answer, thIs year I thonghf we would tr-y Eifel Now:rs since we haven’

tr ed tﬁét inm sebeh vears " Last t;me k;st of the students' effo:fis

hvery Monday I give them their past week s grade One time fst,fuh T
gave the highes+* grade the s=at furthest removed from me. Thry vie fer
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that now and it rosulted in qtating from highest to lowest every week with

the lowest being ''Teacher's Pet" fuor the week: '"Teacher's Pet" is the desk

nex: to mine and that person helps pass out papers and assignments: Ycu
wou.d be surprlsed how scui¢ switca around:

Each week is very difrerent but I wiil describe omne past v.ek as an
axample. We started the unit on Light with the first experlment being m-a-

suring light inte:sity and illustrating the inverse square law. On Mc-.day

I put directions on the blackboard on ho. to make an cptical bench for only

thirty-five cents: The students follcw directions and watch and lear: from

Qggy other while making viewing cards, scales sud grids to read; and a
home - madc flashlight from two batfériés, two wires and a small lig!. bulb.

The cards, scale card and grld are placed on clothes pins with mas’ 1g tape

and the clothes pins clamp on the meter sticks. Now we have >ptical
benehi., On Wednesday we discussed the problem of measuring th- ‘ead of
light. and illustrating the inverse square law. For research th: . ooked up
the in.~rse scuare law in encyclopedias and copied it down.  disc.ssed
b~w complex it sounded and how it would unravel and become relevant when we
did the experiment. Some finished maklng the chart:c we Wwere going to use
at that point and others got started setting up their d@ppnratus.

On Thursday everyone was tready to experiment. Plashllghts vere read-

ied and theun the overhead lights were turned off. They were able to obtain

figures for the spread of llght on 1’he grld and cbtaln the pattern of

squares 3s l-ght spread out. By using an old photometer we can nbtain the

LntcnSLL, as well. On Frlday they cqmpieted the graphs that they made fiom

tlieir charts and discussed the good and bad from the experlment They also

dlsrussed what they Undorstood or didn't, wrote conclusions, and handed it

in ior a fi.a! grade. We use a_variety of texts designed for jurior high
anc a uumber of units from the Elementary Science Study (ESS) as well.

We also use some computqr software althou;h only the math department
bas computers. This year we've purchased software for mlcrocom;uters to
use in Science. The only wav we'll have & n~omputer in Science 33 to use
ou: own private ones -« ince thé school can t aiford many. We uce film-
strips, films, filmloos;  :.ion't Club donate: the projectdi to me) and many
outside spedkers. Our films 111ustra e the :-1ent1;1c meinod or d“flnltély
refer to 2 unit or subJect We dare st udying. Our <chool belongs to GOOpt,

ating Schicel Districts" ngiygm;ece1V( our 1nstructiqna1 films that way:
we also usxz Search for Solutions and I use speakers from .tiiities; busi-
gen 1 careers.

iesses; and groups who refer to the subJect or gemne. al!
i begin *he year in kugUSt by gettlng acqualnted with the students and

a d: SCUSSIOL of ciass objectives for the year. As a group; we generate
ctass ''civilization™ ru‘es Developed with student input and undersStand-
1ng, they see why certaln rules ire established. 1 give & weekly assign-
ment of & photograph tc be found in 2 magazine or newspaper. The assign-
ment i ased on a scuaveuger hunt. The student never Fknows where they can
find 1t assignment. They must f;nd plctures that show @ particuidar con-
cept, make u.'servations, and nrovide a2 -.ritten c2scription of the concept:
It is éiﬁdZihg how this . ches 5iulients Lo observo

A yedr's schedule is posted ol tlie wail sc they can look ahead ir they

so desire. During September [ review nathewat;cal_cgqééétﬁ usciul for that
year. These range from avera; -0 stendard deviation and includes a
reV1ow of graphlng 1 start p:: v with fun graphs and progress to the

real thlng . At this poin- I a review how to do research themes for a

y@ar & cotinaovs WOrk t help them to pick top:.s that will interest them

nd eb chem how *= us> li~rary skills.
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They state tieir research cnome in Scptember and actual research

begins: Although research t]me ‘s allowed on certain class davs., th

experimental part is expected to be done around December or January and a
fini-hed rey .rt is due Mdlbh fxrst in the Fall we also study measvrement
wit! students building their own balance scale from scratch. They take
great prige in their engi ‘oring and most of them keep the scales for
years:. Mecasurements are bas: and important to every student; from the one

who aspires to become an engincer to the ones who want to have their cur-

tains hung straight.
Later; we study lipght and dou many experiments, ending with th. one

they all enJoy--taklng ‘and deve]oplng r\_a1 pl'tures' w1th a p1nhole Lamera

s-l;fac'e’ itension; usi. ; an adar'ation of "Kitchen Physms an ESS unit by
McGraw Hill. This is an exciting; splashy, learning experience w'ich is
very inquiry-orientad. Inquiry processe\ really develop during this activ-
ity and I've learned that many "elementary' activities are easily mocdified
for 9th grade. One of these I've modified is the £SS urit, Batteries and
Bulbs which leads to a unit developed Liy the Edison Electr’r institute,
Elé'ctri'city and me. Investigations lead us directly inti the cirrerit

Chergy Problems. This unit is timely beccause tiie impdct ¢ ‘eather and
‘oh utility bllls is making studerits listen, desire to uiil srst and, and
make decisions. Career spedkers and speakers from utilities arec espec1ally

ielgful here: We also do all kind of ~xperime: s from Energy and Man's

Erviroriment ir_ludir collages post rs, wiiaill buridrng recycitnﬁ

paper and motors: I a.so ask students to write themes on various energy

concepts and issues. i like any teaching unit to be multi-faceted and

1 clnde community relevance

in the sprirg 1 begin a Chemistry unit. More nbic itudents are intro-
duced to 'PS and the others do simple exper.me..s : .o Gases ahd Airs

(another “SS upi*) Th1s past year I featured r cleql bipérihents Aftér
lastfyear for Dr. earolyn Summers +f Houston Un1vers1\y. VStudents galnran
ex~ellent understanding of inert.d, momertum, &and potential -nd Kinetic
energy from these toys. Drafring and pre-graphics erigineering, mcludmg
Yuilding bridges of their oer design with matchsticks and glue bring tha
students to the first Week ol June and fina!: evaruat7>1<

All my science urnits are distinct entit®es wIth separate units aliow-

ing students to make up work withoat getting too far behind in their other

9?”E§,§§d grades. I do anythlng I can think of to teaci tetter; to handle
students who have no self dJsc1p11ne and challenge those who are fast. T

help blLanc1ﬂg a <cale and can't seem to retain the sR1ll. Resourcertl
ness; along with being able to give of yourself; perhaps, is the best stra-
tégy.

l spend most of my day maklng eqUmeent listéﬁing to <tudents; help-

1ng them investigateé the cxperiment, 4nd discussing the theor behind the
r\perlment. I also talk w1th stndents about careers and opportunltles. As

lov1ng the work, or complalnlng ab-ut it: I provlue oppoLtunItres for

daily evaluation. B S
It is diff’cult to grac- 187 ~p.- - s ani cet them back as fast as

I -an but I feel it must b done. 4. .., | am constantly figuring out new

ways to ¢ am exp o imant linpz ~ve an old one.
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Iffﬁiygntod my program to fail; I would go back to che textbook éhd

forgot about tndividuals and relevance We may be forcew .o stop some of
onr J(LIVTL), an action that might harm our program as well. In the last
two months any euvironmeantal study by the children has been drastically
curtailed because; only three miles away, we have discovered the families

Living around the school are living on contdminated ground--earth contami-

nated with Dioxin; a toxic chemical used in the manufacture of chlorinated
phenols. This chemical has now appeared in the head waters of the creck
thot flows through our campus; making outdoor studies impractical at this

time. Open hearings show the EFA being bewildered and uncertair ds to what
to do; just as we are. _The community has requested that e ~ake part as
scientists in help ng solve_ this puzzle.

In addition to our polluted creek, we have a t1ny opservatory, built

for High School use but placed on our campus where thore is little llght
pcllution. However it was too far for them to come and it fell into
di:use. Two of our earth-sc1ence tedachers are developlng materials to use

with the observatory. We are all looklng f01ward to that:

[ have lots of home mdde gadgets anc pictures, most1y nade by stu

dLHLs 1 run an investigation laboratory where even the negative aspects
of our room and situation can be useful. When I mentioned the heating -~d
cooling problem built in with our room, it ZIiispired one student to do in
energy audit on .ur bULiding His work with the Administration. »~chool
Board, and local urility led to a repori on his work, which won a National
Frergy Gontest; +including a trip to Washington,; [.{. for himself and his

teacher I _ . i B
1 also use our hcme; a Wildflower and Wildlife Sanctuary in Aruonid,
Missouri only two miles from school. These resolirces of ndture, such as

small waterfalls in my own back yard, are great.

One of our gaagecs iS§ & home-made, bicycle wheel centxlfuge that works

very we 11 Plastic contadiners that used to hold toothbruahes are wired to
the¢ spokes and small, one-ourice bottles donzated oy the drug store fit
exdctly into the pizsr sitainers. It works as welil ar an exprnsive cen-
trifuge «nl ts ~er. . is very visible:

To buil ~alai ¢, parents and students good at shop work cut over
1800 parts oul ©i scrap nlywoc’ i masonite. Each student got nine parts

with which to engineer his scale. They keep theii scales in a shoe box and
take it home a' the end of vear.

Each class nhas ¢ locked; home-made cabinet in whlch w Reep their shoe
boxes. This reduces theft,between rooms. Materials that they need for

Vvarious investigations such_ as clothes-pins, 1liqui“s, c4drds, tape, oOr

Dapercles are put on the lab desk orch mornlng On; stufbht is ass: gn=d

_loor ’also,for extra cred;t lents)r Any chemlcals we iee in Junlor Higo

e iiqred in a cabifiet that is locked in our storerqgm I pour Iirnids

for "Ritcher Ph: y51cq', such as «:1% water, i"1nega ; or rubbing alcohol inui»

Lattery jars. Any acid 1 nee‘VI put ‘-~ labecled Ilasks; although at this

level 1 try not to use anytuing ':rorger chan dilute hydrochlorlc av d.

411 other equlpmént that « use to 1nvest15°re various problems is or the

ial table in front of my rocm or on my desk.
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EVALUATION

When a students come to class they start out with an "&": ¢ they try

to work to the best of their abl[lty they rataln that A: If they spend too

m‘ch time goof1ng of f; ailow1hg conversation to pe more social than iab-o-

ented; their 5rades go down agcordingiy How to act is their decision

hut when they become ton disturbing,; then it becomes my decrsion and their

docxsroﬁﬁ cease. They know their daily grade can go down and tliey have the

power to make or break that grade. They have to learn to be accountable.
Flghty pexc ent love it and do well; ten percen, have no strong feelings;

and ten percent will never aucep* responalb lity for what they have done.

To them it will always be soiv oric else’s fault. 1 keep daily records of

each student "and compare them with those of previous years. From that 1
can see mv own strengths and wesknesses as well as what students like the

best. T "ve out eraluation sheets at the end of some units or at the se -
ester's end. I Fkeep stutistical data_ and present quarterly liscs of each
class as well as individuals to ecounselors and administrators. Sometimes I
will ask at the and -{ an experi.ent ''whit was good 4ind what didn't you
w”delsLand7" 7 B )

1 keep daxly rerorib ot students, bcth academlc anc onduct Their
test grades for edch unit can come from work the' have already dorie. When
something has to Le broight from home studests h.e two week- iotice and
thiey eitker have it ~r tliey don't: For this they get an "A" or an "F".
Grades are tied ‘nte perfurmance

Althougli lab papers have been previcuzly graded, they are all to be in

a notebook and :n order: I list the contcots of the lab Lock ou one end of
the blackboard so everyone has a fair chan.e to s- - [ expect. Vhen an
experiment is repveatc¢ ith unknowns or when a ant is very indi-
vidualized it can count as a test as well. L ]

Student grades are recorded when they wal ,¥ the classroom &ach
day. I feel -hat fifty percent of my studen s p; +: outscanding achieve-

mer.t while another itiuirty percent perform far abov: averdse. About i[iv2 to
ten percent don't do well at all and are resentful that there are nc set
answers .c copv. Theqe stildents llterally begin 1 refuse ¢~ work. Wiils
they have beern used to getting by, ii this program the spetlight is on

LhC‘L Swi 1nn1v1dual work and they want to hide as it becomes more aad more

“ent they :re not doing what they should: They ;efuce to brlng paper

ind pencil Lo take anv notes of their experiments and iry to break la®

equipment so other students can't use it. This type of program relent-
105sly show p thelr lack of W1111ngne€s to dc the work and exposes their

SUPPORT

Cur superlntendent Mi. J. RJchaﬁ, madc it po¢51ble for me to attend

1mportant meetings such as an eciergy conference in Washlngton,rD c. al;-
hough strong, factions ir -he school gave him a dxfflcu t time by implying
that he would let me attend scierce fairs and mectir,s while not 1ett1ng

other teachars go. He faced dOWn this Cr1t1C1sm ks po;ﬂf ng out that it

was my students wilo were Competlng for schola+ships and awa ~ds In tocal and

international science fairs and 1 was the Pirector of the Miszouri Junior

Academy of Science and needed to be there cr that I was State Director of

National Energy Education Day. Besides tlat; he pointed out the good rress

&9
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it brought tc our schoo! “ ¢ 1o nal, ¢ Nettioss, and asSIStant
priiicipai, L. Stacy, hH4ave : Fien osuppor e They have alays backed
me . :

barer Ls are supportave asnc hielp e malic owde o ey alto scocak to
the «lass. I scmetimes have wo..~hop 1 might = oagoioe w11 kiow how to
help their children with scienc [r. ccts:  Pavenrs alsc go with me on
Saturday field trips and lurnishi ciarsocitation:.

4y administrators encourage m. tecause i{ I do well it is also good
for them: They try hard to ge: supplies I need although we're not always
successful because there is ounly o much money. The administration sup-

ports me in opinions; ideas; and resnurces; they r:. 1ly do back me up. The

Super1htendent lets m> go to importan. meetings and alvays provides a_sub-

stitute. I don't over-do »his as I feel a teacrer should be in the class-

rcom. And, no one complains about my achievement. In fact; the school
asks évéry year for a lls-1ng of my classes' scientific achievements to

I have always enJoyed my pr1nc1pa1q They have let me alone, they
have had confidence in me that I was doing iy best and d01ngrwhat71 should.

They could see tanglble results in the publicity that we brought to the
school and the trophies and prizrs the students wor. ) B
Other teachers find thlq » ;proach interesting, but do not care for the

work and preparatinn of nands on sciernce. My owi daaglter, a math teacher

WOIklng w1th me thlS year teachlng my three over Flow classes; says science

t iiies more Wcrk . rll the other science teachers on the faculty more and

more hz & incorpo-ated experimertal worl: in their lesson plans and are

doing fééééféﬁ projects also. v

T get some student input on lesson planning but mainly I plan for the
schnol year based on my previous exverience combined with new ideas. Every
day I evaluate how they worked and give thought to how did I do, d1d I make
that clearer?  Did I become too impatient with the goof-offs? What did I
achieve? Students help with putting out and prepa.ing lab mdter1als ang
with clean up as well. In the beginning my lessons are more tiacher struc-
tured But, as <tudents learn their roles arid complete their jobs I ask
them to help others and give them wore respon51b111ty They lcarn more by
de--.g this. .

To keep up to date I take refresher courses; go to worksheps; and read

profe551oral journals: nght now we are workxng on the dioxin problem in
this Comnun;ty so I am learning all about it. Opportunities to interact

with p: *pie in science are beneficial for me as well.

viould 1ike to be the Scienre S:uvervisor (if we had one) because ele—
meptary teachers are begging for in-service workshops and I would like to

help them plan but I have no released time. Now; teachers from private
s¢' d0ls in the community come once every two weeks to my hume at night for
ic~as and they also wa:t me to do workshops in Summer.

J£ I were able I would go to their classrooms and d1rect1y help them

By uolng .mal]l workshops at each grade. I want so mich to do this and
spreza what I know around because I Kkrow my experiments are gocd RUT

teaching six classes a day gives me no time to go to other schools in our

district. . If only we could afford a science supervisor! I feel frus-

trated: The Superlvtendent remarked one time that some teachers are so

JEleUS of me that they wouid never copperate. But sometklng would work

out; they are just insecure: I want to give and take more workshops.
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satisfaction l also got sat1sfact10n for other awards llke Outstahdlng
Science Tea 'er of Missouri,; Outstanding Science Teacher of Metropolltan
ft. Louis; 7 the Conservatlon Award. I also appr°c1ated being State
virector of Natlonal Energy Education Day and State J'rector of The Mis-
souri Junior Academy of Science. Another reward was teaching a summer
class for g-fter high school students at the University of Missouri-St.
Louis. I only wish the tanglble rewards for teaching were as great:

) In my own school, as I educate new Phys1ca1 Sc1ence Teachers (who
replace those who leave the f1e1d for business), I act much like I would in

d teacher student-tedcher relationship. Some, like. .my own daughter have

worked with me; others have found the preparation and work exhaustxng, and

gone halk to teachlng out of a textbook: They sa;d 'hands-on" was toc much

work and they didn't want to take that much time: When educating a new

teachnr, 1 spend about two hours a week with them going over the next

week's work:
Teachers need enthusiam as well as maskxng tape, paper clips; and sta-

ples A teacher with Imagxnatxon, enthusiasm; and a creative mind can do

woriders: Teaehers should be no different than a child who enjoys discovery

and sees ''mewness'. Teaching is as much a matter of imagery as imparting

actual facts. The greatest barier cf this program's Success is a teacher

who is "married" to a tégtbbbk and teaches pure facts withou. fun. What

NSTA gave me the opportunlty to disciiss my role in ass1st1ng Dr. Summer on
her mechanics program and telling my part in it at the Nashville regionatl
NSTA meeting in 1981.

Students learn how to do a scien.e exPerlment in five IogIcaI steps

and report on it in such a way they can communicate it ora]ly or in writ-

ing. They hLave 3é5“,Y§EY,§N¢"?§§r?1 at this: In my s1xtecq years of
teaching three of my students have gone tc the liternational Science and
Englneerlng Fair &Innrng thirc - lace wiii other prizes. I have had two win-

ners in the W.stinghouse Taleant Sear h; six math winpers in Jeffesson

Couﬂty, Missouri Science Fair; Eightcen !lssourl Jurior Academy of Scienze
winners; ..ne who placed ian WMSL Engineering; Scizincé Symposium; 106 Scho-

larship winners in the St. i i Post-=Dissé:ch Fcience Falrs; and 378 tro-
phy and "“lue ribbon wiimers at the Monsonto-Pi:it Dispatch licience Fair: We

also had a 1981 National Space Shuttle Reglnal Winner and, in 1981-82; two

natienal Energy winners for Ind1v1auar Research work: Four of my students

have become Student Co-Directors for the Stata of stsourx on National

Energy Education Day. One has appeared bt-ore Songress in Weshington to

speak on the Energy Education needed in a szhool curriculum.

While I was at Washington anversIty arthur Holly Cauwpton; resting

from h1§ dutles as cthceilor, used to come over *o the physics lab where I

was axvays s-rugziing c<ter school. Dr. Comptor .lways teased me about how

I would set Physics back for twenty years and tiail he had better help me so

T wouidn't blow up the world. And ne with his acom! Dr. Comptor ari two
other professors; DPrs. Jauncey and Hagerow; Wware mi- mentvors--they Hhave
prove necessary in the husiness of getting ahesad. T am not a sell-idde
achie,e~. My husband; <. Keaps Kirkpatr.ck boun:ced ideas bact .nd furth
with me .nd helped mak: many of my id=as prBCt‘ral Ga continus s to be an

“svaluabio e-urce of i Spiration. Wi:lian McConr.ul11, professor at Wehater
{r.iversity, bhe#lped n. learn to formnl:zce ny id:as vhile tcaciinz me ©-.ng

mng ¥,
J]
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Eddie Davis; Senior Administrator of Community Affairs at’ Union

Electric lntroduced me to the community, encouraged me to present my ideas

to other schools and used my role as an Educational Consultant for Union

Electric. Between us; an Energy Prngram was launched. Now; my oidest
daughter. Vera McCullough; team teaches with me in Physical Science and is
helping me improve the program by introducing mlcrocomputers My son Rod-
mdr, & petroleum engineer in Houston; keeps me posted on t + rv latest in
eilergy for my program. My youngest; Becky Anne Kirkpatri.. 4 s,.tems pro-
grammer/analyst informs and instructs me on thc latest .- ‘:\1c5, compu-
ters, and space. My son-in-law, Car! McCullough; a med. -b technician;
keeps me informed and in touch witii nedical work and gives me cast-off
material that we use in our laboratory.

I w1sh to give special v *§ to Dr. Charles Graﬁgér, Professor of
Blology at the Unlver51ty of iri~St. Louis and the . .3e¢ chairman for
the Missouri Search for Exei - in Science Education. @By noticing my
program and nominating me as - ouri State eXemvlar, he has allowed both
me and my program to gain impc . recogiitioi.

N

-
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Chapter 8: Individualized 3ciance Investigations

By

Lawrenze D: Faucue

\
.

North Toole County Hi. S hool
~ P.0. Box 71C ~
Sunburst; Montana 7482

. Sunburst, a small prairie community 120 miles nortt of Great Falls,
Montana, R milg;rfféh the Canadian border; and 80 miles ~ast of Glacier

Natiomal Vark has a ovopulation of only 400 pe.ple. The community's finan-

cial base rests on farming and oil and Seems fairly stable. Most of the
fam:lies are middle . .ode in status. The climate ranges from warm in the

summer te very cole i the wiiter with very l:cttle rain at any time. North

Toole uounty High choci, with grades 9-12, Las 80 students; 12 teachers; 1

principal and 1 schicol district superincendsut: The high school building
was constructed in 195i. The grade scliool and junior high are near but in
separate fac<lities. The atmospnere is generally academically oriented
with most students involved in a number of extra-curricular_activities
ranging from band to athjetic . Discipline problems are few. The science
facility consists of an offica; a classroom and d separate laboratory with

an zttached supply room: Tables rather than desks are uses in the class-
rcom and the lab is weli eguipped for a schcol our size. THe sclicol draws

students from a large rural alea. o S -
ir 197t our Scicnce Seminar involi-ed csnsidevable individual student

fesearch. Laiar; the program was expended to ’nelude minicours work in

zoolcgy botany, and microbiology and opport-nities for semio s to tutor

undei-iassded. Many of the rescarch students entered science competions
such as science fairs, symposiums. and the space shuttle coutest. The

hands-on, individualized student resei:z~h ap;roach and emphasis ccnt.nues
without change. We only reguiie Biology s« ctiis course is an elective for
all ‘students. We are considerirg movimg tc ¢ “Wo Vear sciesnce requiremen’,
bowever. &S a teacher, I have nad almost complete freedom in drvr.loping

both the fazcilities an” the prcgram.

Originally, a few -tudent: were doing prcj.cts -n rtheit own time. As

time went by, wore and mo~« students became intverested &nd invols ed Zvine
tually, over a twc or thnree yeatr period; tueé number of studenes invelved

became too many to ‘andle extra-curricularily. At this point che adminis-

tration was convinced cf a need and asuaed the Individualized Science Inv s-

tipationc course to the curriculua A% An clective, giving stoients ana
teacher more in-school time to pursiie their individual interests.

Original program inspiration was a result of student enc .siasm and
the powerful interest and encouragement of the late Pacl Schrammeck; an ex
math-scifnce teacher who was Jur scperintendent: Student success in sci-

erice coipsatitinns was an inspiration as "as the realization of ‘he need for
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a program combi: ing dLudomICS wWith Lompethlou ) We wanted a program
giving glftod students a chance to do rather than just study science. We
wiaited to direct capable studefits toward sclentlflcrcareers and e“haﬁCé

science literacy: The combiied support of the administration, staff,
parcnts and school board have been very important to the success of the
program: Ihoir contributions involved elicouragement, interest, funds, time

and COOp“rBthﬁ
While we doveloped a studcnt research program wWe also 1nd1V1duallzed

coursework in specialized ar:as such as botany, mlcroblology, zoology,

mith, and psychology. These minicourses accomodate student interests and
needs in a smal! school where the curriculum and staff are 11m1red This

approach has allowed the science curriculum to develop within the frame

work of a rogular school day and personnel: Professional Journals prov1ded

inspiration as well as_ backgfound ideas and information for student pro-
jects. I still find The Amerlican Biology Teacher a particularily good
journal for this purpose.

Students involved in the ISI program ar¢ ade to feel speciai and are

provided with bright and comfortable clacs: ms and labs. We have pre-
st:rved plant and animal displays,; large well -urals of a forest scenes and,

in thie lab, pict..es of the moon grace the -alls. IMHany living plants are
rlaced ori the tdbles in rhe classroom. i+ .g animals such as fish,; cray-
fish, crabs, gerbils, lizards, and a pari. "King Tut', are cared for by

the students ) ) ) )
Hot water is av(llable fOl utudents ;ho want hot chocolate cor tea
ww1le thoy are working in the lab on thei iroijects during d study perlod
at noon or after school: A s ~reo- radio ;Laghased by the math science club
is available for those who want to lister -G music while they work. A fume

Lood separates the classroom from the 1.5 allowing the teacher to condict

Jerrts working in the 1ab Quar-

class in the classroom and yet observe st

rers are rnt cramped and equipment  is recadily a-:cessibte: it is a very
<eful! and .~mfortable place in which to work.

Bul' .. board displays are colorful and irfcrmative and an inspira-

5 o1i 3. - of the seekx 1is present. An a:signmer board is used and lLiome-

oo % "in" and "out" boxss lire one wall while individual bookcases filled

witt reference books lire another wall. AV equipment, slide previewers,

slide and filmstrip projectors, movie projetor, and tape recorder are pre-
ceni for class or student u<e.

PlCtUIES, charts, skeletons. and nodels a]so are dlSplayed in the sci-
ence ~: .. An office near the classroom is used as a storage room for

impor.znt.reference booi and valuable pieces of equipment thnat need to be

ments that must be ~onducted under very controlled.condition: ;

iocked away This arca Jis also used as a work area for student.experie-

For a small schocl; we h~ve maraged to collezt a good deal of eqnip-

ment; we have 2z spectrophotometer analytical batgnce (toierencp .0001

gram); environmental chambers; laser, t,hoto;..l\.. ography equxywcnt {poloroid

& 35 mm), medical and phdse wicroscopes; water und soil analysis equipment;

solo-learn programs in biology and chemistry; audio-visual equipment for
~Ludent use, 1ncubators and h gh temperarure ond drying OVenS A photo

hcods mllllpore flltratlon equlpment, electrOphoreS'ﬁ equinment; geig-r

couriter, and a refxlgerator. )
Whiie some equjpment such as nalances and 1ncubators aze avallable in

the iab for general ws<, most materinls suck ac chemicals and glassware are

;
p

/ -
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kopt in the stc - room near the classroom. Materials are dispensed by
the teacher or laboratory assistants. Dangerous chemicals are Kkept in a
witdl cdbinet in tie supply room:. IS8T students usually have uccess to the
Siipply roofi biul ave not allcowed to use dangerous materials from the metal
cdbinet or condict dangerous experiments unless directly supervised. Cledn
up is the direct responsibility of students although 1lab aidés do their
Shdre of generai clean up work: At times an entire class will help with
the big clean up jobs: We have an open lab policy and students are at
{imes ullowed to work in the lab on their own (evenings, week-ends) with
permission as long as the work they are involved with isn't dangerous.

OUR PROGRAM

The Individual Science Inve: *ig *‘ons course is bisically a problem
solving course where students idz..¢ii aud Sélect probleds thiy want to

research: Participants in . i vidue sned Science Investigations are gener-

ally of high ability altf lowe dbiiity students are allowed to take

the course if we think it ... .t benefit them in scme way. _ Nlass size is
usually kept to around 10 stuyénts since it is hard for the teacher to take

more than 10 students when he also has a normal class load. Students gen-
orally have an excellent attitude toward the class: It is an elective and.
{hey dre thera because they want to be. There is a tremendous amount of
sAat isfaction in completing a job and doing it well. Also there is no

stigma attached to the course such as "only the brains are invelved in sci-
ence projects." Participants usually are involved in a wide variety of
other dctivities like student govermment, cheerleading; band, or athletics.
We have rniot had any handicapped students in the program.

Studerits nave the freedom to choose their own proiscts dccerding to

their interests and future needs brt, when problems arise during the
research experijence, they must be able to adapt in order to work them out.

Ssme of the research they choose relates to careers or current problems,

cuch as pollution; rutrition; or energy. Students choose rese: '~ areas

that interest them and after they become more knowledgeable abou. these
areas they may decide to ente: * field involving that study. Alsc; they
may rea.ize that they only thou:zlit they were intereste:d in that study and

may decide ro pursie something else. Either way the experience is a valua-
ble tooi in dirdcting studefits towdrd careers.

Stud -s are often able to relate their research to modern social
problems whicii helps them decide which side or opinion the; will support

and why. For example, an expe:imental study of mutagenic igents may lead
the student to a realization that food additives r 'y be harmful to the
human body: Such a realization may change a arving habits. If
ihe decision they make incolves a proble wit ramificaticns, it

may influence hew thev vcle.

#.plication: oF research are always consids P - termipat ion of -a
projecc and many tiimes such appi..ations in olve valve judgemernts as well
as morz) and ethical cons “erations. For example, is it right for a “armer

to is- a chemical agent it a better method of insect coutrol is availahle?

Also; the actual invclvemént of animals for experimental purposes -.iten
involves ethical/considerations. S
Gifted students are entouraged to choose more challenging projects.

Students individually reet with the supervising toacher who znswers Qquss-

tions, Asks questions, makes suggestions and g~ erally helps to moritor and
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direct t"» stizent's progress: Although their approch uswally involves
scientific inquiry, many modifications of how they inquire may be mace
dlong the way to reacliing their: goals: Students budgvt their own tir - and
plat their own approaches: Design and construction of experimental equip-
ment, the resedarcli, the pxo(cssxondl paper; and display materials all
ifvoite their own creative abilities; iusights; aud production. Certainly,

this appxoach is scientifically valid and is a culturally acceptable and
tiseful way of log1c311v solv1ng problems

The major goal of scientific research is to benefit mankind although
personal satisfaction and ceopoiatxon with other students in sharing equip-

mernt  and dlscussing each other's work are <’ s» important aspects. Inter-
acting with professtona} screnthts who ‘v advise them duvring their.
rescarch contributes to the students' skills a..d science liter: as well.

o quyrdrfferent kinds of problems are ex:lored in the ISI progranm, some
witit local and community significance and many involving the natural «nvi-

ronment. For example; students have conducted a ' .3v of the badct:ridl
content of community water supplies,; the éffect oi ¢l Spills on local
flora; and a study of the parasite load in the local defcr vopuldtion.

Often businesses in the community may make a contribation. For exam-

ple; a local eclevator s”pp110s one student w1th plant seeds for 4 betany
project or a tarmer supplies & student with soil samples for darn agronomy

study. Several projccts have focused on students themselves: Two examples
dre a study of visual perception in grade scliool students and a study of
nqu1L10na1 habits of high school students. The prs blem s01v1ng process

cdn alwdys be 1mnroved with practice and shouoid carry over to situations

an“lVlng every day, ncn-scientific pr“blems

Althiough the work is 1nd1v1dualr ; interaction and cooporatlon bet -
veen students is encouraged and séﬁetImts nocossary Students 4re requireq
to have o~n understanding of each other's work, so some cime is spent with
groups of scurderits discussing their work. Students may at times teach each

other spec;ai tnehnlques needed to carry out their reseach. A second yedr

{$1 studert may teach a first year student how to use the mllllpore filtra-
tion equipment or perhaps an autoclave. Thlsrlnteraetlon between students

and teachers is continual wnile intéraction between students and profes~
sio:. .| scientis.. . tcurs fregqueatly by phone, letter and sometimes person-

ally. Often parencs are involved in some facet uf che project and commu-
nity members are called upon often for advice or for needed miterials:

The intellectual and sociil growth of the student is aiways cf utmost

conceérn diuring the year with differeiit methcds betng used to facilitate
this process. Our open lab pollcy is designed to heip students grow more

responsible. Strategles for growth ars developed accoroxng to the criteria

ot the teachers involved: If they don't work; new approaches and criteria

are developed and old ones modified. This; too; is an ongoing process.

What is taught and how it is taught are directly reflected in the philoso-

nhy of the teacher which in turn is based on his training, personality,

past experiences; and interest.

Most of all, the teacher's. role is. that of an understendlng person who

will trust students and take thelr 1d(as serlously A coublnatibh of

demonstratlons, O\erseelng 1ab act1v1t1e° znd 1nd1v1dua1 CbnfeIEnees Most

of the teacher's time i§ Speiit With 1nd1v1dual students. Thz teacher is

the primary reSource person in charge of directing the research ﬂct1v1ty of

students. I avoid dcing toc much fcr fhe studerits and tney assume respon-

sibility for organiZzirtig and carrying out the research on their own.
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Problem identification and solving 4dre empliasized by placiig
coiisiderable importdnce on experimeiitation. Experience in colli.ting and
organizing information, asking thHe riglit questions, developing lyjpotheses,
lédriiing certain lab techniques or how Lo use different types of scientific
cquipment are vital in tho process of experimenting. Graphing, statistical
dhilyses, interpreting results, and writing a scientific paper are aspects

of communicition neécessary for these scientific processes as well. Con-
structing a display, the judglng experience and oral presentations also are
importdnt. Developing ernglfsh skills, communication skills, paticiice, per-

servererice, and budgetiiig tifie, may not seem like part of science, but they
iare (T]LlLal to our rogrdm

dernt loarn more about the processes of science but also in helprng them

gain experiernce in a number of other areas which will help them become bet-

ter students and more successful; responsible adults: Not many other

colirses do this to the extent 151 does:

Students piay a key rote in seieetlng prOJects and carrying out exper-

imentation: The teacher is the advisor; a resource; a facilitator. There

is vrrtuaiiy no group lecture time and never any exams. The students pro-

ceed at their own rate and are recponsible for their own work areas. In
Ioturn, Lhoy have certain privileges not available to other students. They

help maintain th~ lab and they can lose their privileges if they don't show
adequate maturity and responsibility. After students have completed & pro-
ject; an evaluation is made which involves the student. How much have they
learned? We look at the quality of theif worR their opinion on how well
they did; and their own expectations.

The entire progression through the sc1ent1f1P method in ISI involves

conL1nual deCJSlon making on their part. They must decide when to start

the experlment what to do, who to conitact for adv1ce, what to order; where

to work, and how many experlmpneal subjects to use: When they are ready to

present their prOJeCtS they make similar decisions about their written

project, the1r oral presentations, and their dIspIays.

If you were to visit our IS class; you might see some students writ-

Ing letters while others are going over letters they have just received

from consulting scientists. A student may be making a phone call to a
resource even as another student is teaching romeone how to use a certain
piece of equipment. Some are setting up equipment or consultlng with the
supervising teacher. Others may be ordering materials from a supply house
or typing professional papers. Late in the coirse, someone may be in the
woodshop constructing a display. Students aiso may be working on mini-
courses, enhancing their content knowledge ifi various dreas of sciencc:

Some students are usually in the 11brary researchlng background information

while some are collecting experimental data: When a student has all his
work caught up and has little to do, he may even be doing homework from
another class: Students may be using the computer for instructional pur-
poses, for word processing, or to learn more about computers. Students

also consult with other teachers for advice on certain aspects of their

projects; papers; or presentations.

The course is an open-ended individualized research progiam where 11t-
tle formal teaching is used. Unit plans don't exist because each student is
self-planning. We do plan for teaching Specific skills &S needed 4and our
long range goals for all students are similar. Our approximate cdlendar of
events for the year follows:

SEPTEMBER
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1. leii‘ciihli‘ti()u Lo colrsie 7
2. Cliage program on resedreh method and seience competitions.
(motivation)
: Assign lab dxduvxx )
4. Select research project and begin to ostabl1sh
contdacts with reésedrell scientists who mJy
he able to advise contdets with rosoarch scientists
who may be able to advise the student on certain phases
;* his work or provide materials:

Gather informatioin about project and begin

Librars search.
. Sachi ¢ odidteridls needed for research

> Liistriici1 1 on use of basic lab equipment & ttchnlquéé.
\Ux[WL 7 7
1. ludivide ] confercnces.
2 E\p(rlmvutqtvou underway
3. liibrary searcn continues
II(}iBPh
1: (perimentation
2: ividuc! conterences ) 7
3: v, ~n s;ace shuttle proposals and Junior
ience & Hur.o. ities Symposium presentations.
JANUARY
{. Experimentation
2. Individnal confe-ences
3. Work on space shuttle proposals & symposium presentations.
FEPRUARY _
1. }\p0r1mentat10n
2. Individual couferénces o
3. Continue working on space shuttle proposals & Sympoblum
) prusentatlons
4. Andlysis of results
5 Statistical analysis
MARCH
1: Expezlmentatlon eompleted
2. Construction of display
3. Individual conferences
4. Preparation of profe%51ona1 paper:
5. Participation in science symposium
APRIL
1. Part1c1pat10n in state science fair

2. Participation in school display night.

Only juriors and seniors are allowed to take IoI and then only after

they have establlshed backgtound skills in mathematics, the phy51cal sci-
ences and blology Their prOJects commence w1th an idea and end W1th both

of the student's work. Research takes t1me and the students are aliowed

about severn months to complete their work although two-year projects may be
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1\111ablv dur1ng \Ludy hall, his prep poixod or during the established ISI

neriod which id the last p(r1od of the day: Wwith the last period class and
sany optional times we have a stndent to teacher ratio which creates few
fidg. ment vroblems and allows students to continue their work after school
witne o it option.  Also students may work in the lab during lunch or in
the ¢o2niq,, « ol permission and as supervrrlon is available.

T ergdual dovolopmont and success of the program has establlshed a
certair «t' tide {un our school: Students taklng ISI are generally admired.

Oceasionng 1, hcwev,r; the students involved in a program such as this are
labeled "the breins'" and are thought of as different. We work hard to eli-
minate this type of p*ejudtco

To attract new stads ts the supervising teacher spends some t ife dlS'

cassing I§§ activities wi '« underclassmen. At times ISI students may be
asked to prosent a specia ::ed topic to another class and also are dvaila-
bln as Lutors A mot1vat1tna1 Slide program_on étﬁdéht resedarch, scieiice

and write short profe551ona1 paper: . This lntroduceu them to problem soly-
ing work. Many of them begin to dtvelop ani interest im this area and W1sh
to pursue it in the ISI program. We alsoc have a project progran for junior

high students so they are often familiar with project work when they enter
high school.
ISI students haJe certdain privileges that other students dnn t have.

io* cxample, they have access to lab facilities after school and on week-

ends and a rather informal, confortable atmosphere in which to work. The

"hot pot" in the lab for them to make tea or cocoa to drink while th~y are

worklng anid a tape deck so they can listen to music while they wvorr are
well known around school. Also, the school is small enough so that amus

students are aware of the awards,; scholarships and trips that ISI studanf

ofton w1n and this IS certalnly an 1ncent1ve even though students are oftzan

ti.ic and non—'c‘entlflc problem° that need solv1ng to make thlS world a

beivrer place in which to live. _ You certalnly don't have to be a SCIeggg
carcer oriented student to benefit from a course of this type The course
is individualized and students are often attracted because of thxs There

are no exams and no homework; studeiits have a vested interest in learning

Jd working at home.
Any materlals that provide students with ideas for possible research

projects or background information for prOJect work are used. Such materi-

4ls incliide science reference books; science texts; lab manuals; scientific

Journals, and popularigagag;nes Siide programs prepared by the taacher
are “sfg,t°,§?§FUIt stuodents; explain the program, and motivate student
interests: These programs 1ﬁc1ude sections on the scientific method the

state science fair; the Anaconda Company Sc1ent1f1c Achievement program,

fnternatlonal Science and Engineering Fair; Space Shuttle Competltlon, Jun-

ior Science and Humanities Symposium and_ the ‘Navy Science Cruise. Blotech

modules are used to teach students specific skills while fllmstrlps enhance

concepts. 1 find three Source books very valuable. These are Nuts and
Bolts: A Guide to Science Fair Projects, by Van Deman and McDonald: I
require that students read this over. Guidelines for High School Students
on Conducting Research in the Sciences by Lyon, and A Handbook of Biolo-

gical Investigations, by Aibrose and Ambrose, are also quite useful.
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Giitside roforence people are alse consulted by the students with
contacts made by letter, pliciie, and sometimes in person. On o~casion stu-

dents will travel to a rescarch facility at a hospitdal or university to
complete some phase of their experimentation that they cannot complete in
ttie school lab. o

Fach year the program is ¢ adated by the teaching team 4and changes
ire made based on past mistakes,; student needs; and insights into future
divections. , , , o

The program is reviewed amnually by several teachers and the principal
in an attempt to devise new and better tecliniques which may result in

improvement. Modifications and changes that are deemed necessary are
implomented the next school year. , 7

Stidents are evaluated by the supervising teacher at the end of each
somester. Since the basic approach involves problem identification and

solving techniques, how well they use science methodology not only affects
the oitcome of their fesearch but is reflected in their ability to make

ritioiial decisions: As they gain experience in using this approach they

should become better at it and should be able tc relate it to other areas

of their lives that involve problems of both scientific and non-scientific
origin. o S . U
Students are evaluated by individual interviews conducted periodically

to determine how well they are progressing with their work and how much
they know about their projects. The finat display and professional paper

are evaluated by the teaclher and a letter grade is given at the semester

and at the end of the Yyear. Awards at science fairs and competitions are
useful in evaluation of student work as well.

The teacher self-evaluates and receives feedback from the principat

and students. Student's work,; displayed ard presented orally, is cer-
tainly a visible and pubtic reflection of the teacher's effectiveness in
this type of program: One hundred five studants have enrolled in "Indivi-

dualized Scierice Investigations' over the ten year period of its existence,

and 97.2% have completed the program. At this time 23% who completed the
program have g;gdyatea from college and 8% have g;gquated from a technical
school. Seventy-one percent of these graduates have graduated with a sci-

ence or sciemce related degree and 54% are currently active in scierice or

science reilated careers. _About 39% of those completing the program -are

currently in college and 50% of these students are pursiing sScience or sci-
ence related study programs. In summary, approximately 70% (72 students)

oF those who completed the program attended post secondary schools and of -
these; 57% (41 students) pursued or are pursuing science careers.

More frequent evaluation sessions involving the teaching team of sci-
ence and math would be helpful. A more objective measuring tool for evalu-

ating student progress and understanding would aid us in evaluating stu-
dents who do not complete projects or do not win awards.

Our average cost per pupil varies from year to year depending on the
type of projects the students choose and the amount of travel required to

science fairs, symposia, and competitions. The average cost per pupil lies
somewhere between $100-$200 per year with travel a major expense. At times
a major piece of equipment Such as a photometer may have to be purchased.
When major equipment such as this is purchased every effort is made to
snsure that the item can be used within the program again. If equipment or

facilities are needed that are beyond the financial reach of our budget or

seem to have limited applications, then an attempt is made to borrow the
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itemr from a research facility or perhaps the student will travel to that

fdex‘ity to conduct some phaxt of the research: 1 believe the next major
bud&v nx) undertaklng is a systemdtlc, gradual replacemvnt of old or worn
expensive items. We are tryrng to do a tittle each yedar to nrev(nt 4 major

and perhaps impossible expense if they all have to be repaired or replaced

at once.
The administration has provrded support by helping to secare govern-

mental and district funds to help develop the program fhoy also ailowed
the course to become part of the school curriculum even though we are a

small school. By becoming involved in the instruction of the course, the
administration has truly shown the interest and value they give the pro-
gram. Also the administration has provided a supportlxo front to the
school bb;rd and community; an attitude nccessary if the }10 gram is going

cism irom ,adm1n1s rators is a valﬁable aid 1in mod1fy1ng the program;
upgrading it, and preventing stagnation. . i
Our administration has shown support for our program in a number of

ways. The original encouragement and support to develop the program came
from the late Paul Schrammeck, superintendent of schools. He also helped

by securing funds to remodel lab facilities and plurchase major equipment
via government title programs and also convinced the school board to become
act1Ve1y involved in supporting the prograri. Over the years tlie changlng

administration has continued this support. Many administrators had science

backgroonds and that surely didn't hurt: One principal, Mr. Dennis Rosec-

leip; was activety invoived in the program by advising the students

involved in psychology projects: Our present superintendent; Mr. Alan

Ryan, teaches a physics class within the general scicnce curriculum. By

giving verbal .support to our school board and our community, the adminis-

tration has helped to put forth a unified front of support which is neces-
sary if a program of this type is going to survive. It is important to_the
studénts and téaChér tb kndw the administratibn is behind thém and will dd

So far we have had 11tt1e trouble in obta1n1ng the needed fuiids for the ISI
program and much of the credit for th1s goes to our adm1n1strat10n )

The community has generally been proud of the accompllshments and
awards won by the students from this prograii and help by voicing their

suppport to the administration and school board:

The teachers have bezen a great help by showing interest in students'

work, by giving up, on occasion, some of their class time to allow students

to work on projects; by discussing projects with students, and by criti-
qu1ng student work Engllsh teachers proof read wrltten mater1a1 the shop

For example in some cases they
may help the student obtain materials or perhaps prov1de transportation to
and from sehool so the student can work on their project after hours: At

times they may be asked to actually help in the construction of sote phase

of the project: If a board has to be sawed or a piece weided they may help

do that. Parents also heilp by accompaning their children to science faIrs,

giving them moral support, and showing their interest in their childrens’
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work; dll wortly educational ob]vutlvvs Pc*hdp\ such wn involvement will
help develop better rapport between student; parents,; and teacher.

NST# and NABT have both piovxdcd g(\nordl bllppOlL for student

XHVOIVUm(L. iti scietice beyond the Cld\SFOOm Theso orgdnxzdtluns particu-
lirly NSTA, have helped to establish a philosophy toward an{yma. research
whicli hds been holptnl in student 5fj?rt16n and approach to a}pIOJecL that
iivolves animals. NSTA also has sponsored and supported student centered

detivities such as the space shpttiv LODLCSt which plays an_ 1mportant part
iii our IS] program: NABT sponsors "Outstanding Biology Teacher” awards

anid Lho criteria for selecting the award often involves teacher success in

uorklng with students invoived in individual projects.

Professionat Jourmals often provide me inspiration as well as back-

ground ideas and information for student projects. The American Biology

Teacher is a partlcularly good journal for this purpose.
Aibhough other faculty members .may not be directly 1nVOIVed in the ISI

program they do often function in a supportive role. Our srhool is small
enough so that students and teachers relate on a one-to-one basis. Stu-
dents often discuss their projects w1th interested teachers and may as'« the

onglx;h teacher to proof read material, the math teacher for help with sta-

tistical work; or the librarian for help in locdting research information.

Or; they may ask the shop teacher for adv1go in ccns;rurtxng some part of

the project. This interaction of departments helps the student realize
that knowledge jsyinterreldated a and that his work as well as himself as an
individual are s:;drtaht

~ We do have great confldence in the TS? pro&xum . As time goes on and
we learn the ins and outs, dos and don'ts of the program; it continues to
develwsp. This deVelopmenc is an on-going process which should never stop

althongh our enrollment is decré3<1ng and this may effect Some long range

goals: Realistlcally, 1 do not see many great changes in the goals we have
ostablishied for I believe them to be sound educational goals for better

léarntng the processes and nature of science, developing responqlblllty,

and estabtlshxng worthwhile life skills. We may Have to modify our miui-

course offerings to better meet the needs of studerits, liowever: 1 do reat-
ize that the goals we have set down sliould be scrutinized and discussed dt

the end of each year and if additions or modifications are mnecessary then
changes should be made.

1 do believe stigdent interest in the course will be sustained as will
administration and district <npport 1 expect our facilities to improve
with the expected addltlon of a greenhouse, animal careroom; and individual

work dreda. 1 expect more involvement from math teachers and the counselor

and I expect morc diversification of projects being selected. I also

believe our mini-course setection will be expanded and we will get a little
better Student Involvement 1n thlS arga

partJCIpatlon if we expand the currlculum and produce a more balanced

approach to student involvement. Currently, more students are involved in
work in the area of biological sciences; perhdps more will become involved
in other areas such as physics or math. Such changes should always serve

to better meet stiudent needs. o
" The program is 1nd1v1duallzed and was developed to fit the needs;

laCllltILS, and staff of North Toole County High School. To exactly dupli-

cate this program in another school system would be both undesirable and
very difficiilt: It would be desirabla; however; to implemert those &spects
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of the program that would be cempatible with other schooi and science
programs in an attempt to improve overdall cuririciilum: Otner teachers have
visited our school to learn mere dbout the program and we welcome this type
of contact. ,

Communication is very importaiit and the involved teachers should meet
frequently to discuss the program. Charnges shoiuld be made periodically to
upgrade the program with student input considered in this process. Also
periodic mectings with the administration dre helpful in planning the pro-
gram from a budgetary standpoint. We stick with what works but 2.e not
afraid to try new things. We find continual assessment to be important.

You must have teichier dedication and student interest if a course of
this type is to succeed because it takes a great deal of effort and time.
[t is absolutely mnecessary that the teacher maintain an enthusiadstic

approach to_ the program. In another school; 1 would begin by conducting a
motivationdl, instructional workshop for 'nvolved teachers. 1 would then
follow up with a similar workshop for the students. Once the program gets
off the ground motivation seems to be self perpetuating with siuccess lead-
iiig to success: I would then invite teachers; interested students, a
representative from the administration and a representative from the school
board to my school to view the program first hand. I would eriphasize

organization of faciltities and »Hurse funding (major purchases could be

staggered to prevent large initial outlays of money which cend to discour-
age administration and school board support). It is necessary that a coor-

'dinated plan be developed by all of those involved in the program so that

the course progresses at a steady pace over the first few years. Often

interest in specialized courses rises quickly and then fades the same way.
Proper motivation; orientation and planniig may prevent this from happen-
ing. ) , , , o
I believe the teacher should have a well rounded education in all the
sciences dnd a stru.ag background in math as well. ISI students work on
projects in all areas of science and engineering; with all work involving

statistical analysis and a working knowledge of math. The teacher should
be grammatically competenc and personal research experiernce at the under-
graduate or graduate level would be useful. Students need proper advice,

not only on their rssearch but also on the written part of the course such
as professional paper and presentation. The teacher also should be able to
instruct students on the use of some specialized science equipment such as
spectrophotometer, environmental chamber, analyvtical batance; and electro-
phoresis apparatus.

The rewards for teaching in this program are many. Satisfaction comes
from watching students develop a finished product from an idea and seeing

them realize the importance of the activity. 1 take pride in ~tudent suc-
cess, particularly when it involves a lower ability student with confidence
problems; such success stimolate me to continue. _During competitiom; 1

enjoy meeting rnewd Péqglé;igqing t. new places, and learning new things: 1

like being involved in doing science and combining academics with competi-
tion. 1 also enjoy bringing academic recognition to our school:

As a result of this ISI program I and my students have won.a number of
awards: These include: ] - o o
# NaBT - Montana - Outstanding Biology Teacher (1978)

¥ Certificate of Honor-Westinghouse Science Talent Search.
% Award for meritorius work with science students

* Eleven Science Service Commendations for student participation
in the Intarnational Science and Engineering Fairs
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NSTA Certificate of Excellente in Sc1ence Teaching
“ree American Society of chroblology Awards for E!celioncp P
(i, Science Teaching s
Two NSTA/NASA Space Shuttle Certificates of Recognition for student
regional winners

“  The Thomas Alva Edison Foundatlon Certificate of Recognition for
Lxcellénce in Sciernce TPachlng
The Rodak Award for student excellence

*  The Flks Dlst1ngu1shed Citizen award

= An Arced Chamber of Coinmerce Certificate of #achievement

“  The RSEN Radio VIP Award

% A Student Appreciation Award from our iSI students

= Not only thL we had a Westlnghouse Science Talent Search top

winner, our ISI student have won the State Science Fair Grand
Awird every year since 1974 as well as thirteen special or place dwards at
the Internarlonal SCIence and Engineering Fair

Iwo studonts have won U S Navy Cru1se Awards and three have

Qpace Shuttle Student Involvement PIOject
in the past five years ten students have presented

paporé at the Junlor Science and Humanities Symposium

One of these was selected to attend the national symposium.
I would like the math Leacher to become more formaliy involved in the
program and 1] wou 1d llke the guidance couriselor to take an active part in

advising studeénts WotrKking on psychology projects: We have had this type of

team involvement in the past but a turnover of staff has forced us to

regroup and this process takes a while. I would also like.to see more stu-
dents involved in minlcourse work and a little more formal approach.r
course organlzat1on may be beneficial. I would like to see more students

involved in math and phy51ca1 science projects.
I would like to express my appreciation for the help and support given
by my patient wife, Maria and the inspiration provided by the late Mr: Paul

Schrammech. I also have been aided. con51Qerab1y by Dernnis Rcselexp, barry
Moye; Robert Ross; Alan Ryan Mary Moffatt, and all the North Toole County

ltigh School Staff and School Board of Trustees. (Fotiygre details on North
Toole County High School and the Inlelduallzed Science Investigative Pro-
gram; sce the NSTA Search for Excellence in Science Education Monograph,

Centers of Excellence: Portroyals of Six Districts.)

L 2
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Chapter 9: ENVIRONMENTAL AWARENES l

THROUGH THE STUDY OF EARTH SCIENCE

By
Shelly E. Partin

Pamilico County Junior High School
Bayboro; North Carolina 28515

lina lias no cities. The county has a large mlnorlty populatlon and the
income level of most families is very low Much of their income derives

from commercial fishing and farm;ng and the average educational level of

the peopln is below the 12th grade. There are four schools in the county;

2 elementary schools; one junior high school and one Senlor high school.

We have no military bases and rio industry except for a small garment fac-
tory. There is some tourist trade since the area has abundant water
recreation fac111t1es

Although the <tudents came from a coastal area they seemed completely

unaware of their environment:. They did not understand the balance of
riature, the intricate food chain; the erosion of the coast; the dangers of
pollution, or the economic 1mp11cat1ons of ary of these. Their parents'

1ngomes dePﬁdéd a1mo<t who]ly on natural resuurces but they also existed

p( rsons with maturlals and 1nformat10n sultable for 8th grade students: I
went to three outstanding workshops; Summer Seashop on the Bogue Banks

through Sea Crant, a workshop at North Carolina State bnlverSIty 's Science
Fducat!lon Department, and an Island Ecology workshop on #ndros Island in

the Bahamas with a Grant from the Natlonal Science roundation. The island

Ecology Workshop at Andros Island was the precipitating event which made my

idods of 4 new science program progress from a latent to a more concrete
stage. ) B ; 1 2
1he first yea;rf taugFt at Pamilico Junio High I remainnd wih the

regular Earth Science c.rriculum as outlined in the textbook. The sncond

year T took more 11)erL1es and; ‘n _the ttrird year, the prlnlcpa] and the

supPL» ‘sor truste-< my co.petance and gave me complete frecdom “G ‘mp]ement

a new program. This freedom allowed the g¢hange to come on graduaiiv to

mact a need. The second year of teachlng gave e a beginning and the th;fd
year of teaching gave meé the freedom “and coripeternce to expand and innauger-

ate the program in the comminity.

After my second yedr of teach* ng at Pamilico I attemnded the Island

Workshop at Andros. For the balarnce of  the summer; I outlined a tentative
prograr ior a11 the 160 Earth Science 3Eqdents and some 7th grade students
who wu:ze in the Sciefice club: During the teacher work days at the begin-

ning of the third year; I contacted key personnel within the school system

; 105




Q

ERIC

Aruitoxt provided by Eic:

101

to plan for specific field trips and to obtain funds and support for the
program With théi'r ’su'pp'o”rt th’é p'r'o'g'ra'r'n bégan Lb evolve as a reality'

sons, made numerous phone calls, and spent many week-ends planning the pro-

gram in-detail. Parents became involved' and particpated in field trips,
generating interest within the community. Local newspapers pr1nted severai
articles on the field trips and the program in general. Since some 7th

grade students were included in the Lh1rd year of the program, as 8th grade
students in this &4th year they now &are able to understand the objectives of
the program and conduct field act1v1t1es without additvonal instroctiom.
So, we now have d core group around’ wh1ch to build the program:

Our school and district administration has provrded cons iderable sup-

port. Thev have arranged for school buses for some of the field trips;

provided funds enabling me to attend workshops; hired substitutes when a

field trip was scheduled which did not imclude all of tne students, and

given me persenal support and encouragement. Ad®itional and necessary sup-

port has come from the Soil Conservation Service, “he County Planner; The

Agrlcultural Extensxon Service; the High School Vocatlonal Department, the
local newspaper, and Interested parents and community members. The tzach-

ers in our school cooperate by allowing students to misSs the1r classes

wrthout penalty Language Arts teachers also use the fleld trip experi-~

ences as a ba51s for creat:ve wr1t1ng and the seventh grade Life Science

There was, however; a certaln amount of envy among the other teachers

because the Earth Sc1ence teacher vdas able to go o fieltd trips and attend

workshops. This envy became productive wheni 4 number of teachers began to

schedule field trips so their own students would have learrrng experiences

within their specific f1e1d Then; the 7th grade science teacher joined
viith me on the Science Club act1v1t1es to make the environmental program
encompass Life Science as well as Earth Science.

Sirice I teach the entire 8th grade; I nrave students of all ability
levels except those mentally handrcapped students requiring a speelal Sci-

ence program: There are 160 students in my six daily classes which range

in size from 13 to 35. I also have from 1 to 3 study hall students in edch

ciassroom each perlod The attltudes of students are as var1ed as the1r

ategorlzed as glfted and talented However,rvery few of these 13 students
are being encouraged by their parents to dbtain a eollege education. In.

general, our studernts are probably average in their standard scores alt-

ho:igh last year their performances on standardized tests proved to be above

expectdtiorns.
The Junior High School has 700 students and 35 teachers in grades 5

through 8: The building was once a segregated black school but; with inte-

gration im the early 1970's; it was made into a Junior High for all the

county and some new rooms were added. There is a greenhouse, used by the

vocational department, but no planetarium or environmental study drea.

There is nothing unique about our clissroom. It looks exactly like any
typical classroom in a Junior ngh School. My own is about 8 meters by 8
meters with 35 desks and one teacher's desk. I have the usual large b}ack—

bcard and bulletin board The walls are concrete, the floer is carpeted

ana the windows are all on one side. ThHese windows,; with venetian blinds;

. 106



Q

ERIC

Aruitoxt provided by Eic:

E

102 :

~

look out upon a*mall grassy area. A storage cabinet,; two small sets of
book shelves, and a table share space with an old bath tub which can be
filled with water or sand. 7 B

While our architecture is nothing to brag about; we do have a good

sclection of equipment and supplies for studying the environment. Students
use weather instruments, soil samples. of Pamlico County; water testing

kits, a small ocednography kit, coasfal charts; aerial photos of Pamlico
County and topogr.phical maps showing flood prone areas of the Tounty. We

also have access to the vocational materials at the High Schooi. All our
materials and equipmernt are stored in suitcases in a lab upstairs in the
same building as the classroom: As a result; students only have access to
their materials when the teacher is present. When we Schedule ;field trips

the suitcases do make it more convenient to take proper equipgent and carry

ft easily. This lab room is also rather ordinary with just six lab

tables: I usually arrange for each table of Six students to have a spe-
cific task to perform: When the lab is used; it is cleaned up by students
at the end of the period, not by me. ] o o 7 .
It would be nice to have fewer students; 160 students plus a homeroom
is just about atl I can handle. The classroom would be fine if it were not

crowded with 35 students and 1 to 3 study hall students: It is really dif-
ficalt to individualize with 38 in our small room. - : S

When I take students up to the lab and then down again at the end of
the period. I often losc a few. Some duck into the bathrooms to smoke and
some knock on teachers' dgors as they go by:. If the lab were next to my
room it would be easier.

OUR PROGRAM

Our prime objective is to increase the students' awareness of the fra-

gile environmental balance in Coastal North Carolina through individual

learning experiences wichin the 8th grade Science currficulum: In becoming
ready for this awareness; students collect and analyze weather data using
appropriate weather instruments and systematic cbservation and recording.

They read and interpret maps, charts, and diagrams relating to coastal
North Carolina. These weather and climate studies are linked to the soil
and organisms .through -water and soil analyzes and data they collect on
organisms living in this area: ] -
Students participate in many field trips tc gather specific data on

the area, visit resourc: sites; and meet people knowledgeable about our
region: they also participate in seminars dealing with problems of the

local environment. These seminars are usually led by specialists in the
area of concern. S ' -

7 Every resource person emphasizes career possibilities for the stu-
dents: Many of the students were limited to a very small area in terms of

future careers before they received this information: Science students

also develop individual research studies and projects for ‘entry in local
science fairs. Many stiidents compete in regionat science fairs as well.
On field trips, students are physically and mentally involved in the
collection of data. Slide presentations and lectures are presented in the
evenings when field trips are for a full week-end. Discussion groups and

individual research are used in instruction during regular, in-school .
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other students about surviving hurricanes and became the first Junior

Hurricane Preparedness specialists in our area. Students look ahead to the
future in order to become a socially responsible person in making decisions

determing the future of Coastzl North €arolina. i 7 )
While Individualized instruction is difficult in large classes, stu-

dents with the ability to do ifidependent work are encouraged to seek addi-
tional information and ideas. The teacher plays a large role in guiding
thoce Students to materials and resources. Other Students do individual
prcjects and research reports as well with much of the program being taught
on differont levels to different students at different ability levels.
These ability levels are reflected in all lab work, field trips, and field
work where students in teams pool their information, come to conclusions;

and make joint decisions relating their findings to their problems:
All cognitive material is taught at different levels -to be within the

grasp of cach studert and the affective curriculum is considered extremely
important as well. Etudents on field trips develop patience with euach

other (and with weather and field conditions) and learn to respect and

appreciate each other and the environment. Students usually have limited

experience in this area and the field trips open up new horizons for them.

] I try to make content totally concrete and practical with as little
ibstraction as possible. I emphasize content which is highly pertinent to
the lives of students and the future of their community. ) B
, The program requires that the ‘teacher look ahead at the possible
future environmental problems of Coastal North Carolina. Teachers must be
genuinely interested and see beyond present economic rewards and identify
future ramifications of the very elements which are financially lucretive
{1 ounr area mow. lf the teacher were more interested in the financial
benofits of coastal real estate development, it would be very difficult for
her to sincerely advocate this program. )

I feel that the teacher, inquiry. classroom and cnurriculum are so
necessary, interwoven and interdependent that it would be impossible to

oliminate one and still have excellence in the Environmental Awareness Pro-

gram. The teacher must be creative, enthusiastic, well-educated and will-

ing to give many extra hours of research and planning to initiate and main-
tain the program: She must be able to supervise student activities and
encourage individual research and student participation. -
Teachers must be flexible and creative; I cannot become enamored of my
own lesson plan and force it on the students. A student's mood and atti-

tude on a specific day may require an entirely different approach from the
one I have planned. Field trips and fesource persons may require rapid
changes in plans. An iriflexible teacher rapidly would become very frus-
trated. o ) . o ) . ’

I find that I need a solid background in science, a sincere desire to

understand Junior High Students, a willingness to learn, the ability to be

flexible and creative, and a high degree of energy and enthusiasm. )
~ The inquiry classroom must never be static; it must have provocative
bulletin boards, projects; fossils, live marine life end numerous stimulat-

ing experiences. Class methods must incorporate discussions,. inquiry,

slide presentations,; seminars, arid outside speakers. The changing format
keeps students and teachers involved and interested. .

, A new teacher entering our program must have a belief in the goals of
the program and a good solid foundation in Science concepts. ‘They should

also be creative, honest in self-evaluation; and have & real understanding

. -11359”
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of the needs of students. Such a teacher will have the support of the
local administration if she recognlzes our needs ds well ads. her own and
does not make deelsxons 1ndependent of authorlty

lar dctivities. If a text is used it must be meanlngfully coordlnated wlth
the program All too often, programs seem coordinated with texts--the
reverse of what should be true. The affective curriculum is also impor-
tarnt, as stideiits develop self-confidence and stronger self-images as 4
rvsult of their personal experiernces. Teacher, classroom, curriculum; the
three are vquall important. Together, they build a strong and successful
Enivironumental Awareness Program.

- Un field trips certain students are responS1b1e for spec1f1c 1nstru-
ments and tasks:  In belng respons1b1e for care of the 1nstrument, they

record and rcport accurate data to the group. Al! cilass and 1ab activities

are grouped with a group leader with leaders being rotated so each student

has an opportunity for leadership experience and responsrblirty There are

informal evaluations and no students are permitted to ostracize or humili-
ate other students although these behaviors are common in other classes and,
outside of school. :
Flexibility is truly a necessity. Some weeks students spend all their
time on purely academic activities within the classroom. Some weeks may be
spent preparing for and taking field trips. Other weeks may be spent in
the lab and; when important audiovisual materials come in, they must be
sééﬁ w1th1n a spec1f1c t1me perlod Resource people can only come on spe-

We use a junior hlgh earth science bas1c text as well as Supplemntary

textbooks magaiines; newspdapers, and numerous printed materials from
resource persons. 1 gather material from all these sources and organize it
into a specific unit or series of lessons: Then I teach this material
white gearing my instruction to the various ability levels of the students
in a specific class. All material is available to students as they need
it.

Field trips also are part of the curricuium ‘and must ‘be scheduled

tiorns where there is no rlght OI WIONgZ 4answer. I encourdag themitg express
the1r own opinion and offer possible 59l9§?9ﬂ5 1 tr?,hﬁf@ PPEUE?,HSR
questlons to which I already know the answers: f don t want students to

play ‘guessing games; I want them to use their own skills; knowledge,

resources, and logic to make decisions and arrive at solutions based on
thElI own assessment and evaluatlon

really teaching what I hope_1 am. teachlng I,reflect back onfwhat 1 have
done; thinking about what I will do, and gather pereptions from my stu-
déhts 7I élsd éVélﬁété with shdrt tééts tb see hbW much the chlldren

sons and school adm1n1strators and try to learn from their criticisms.
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Our major oxpenses are for field trips where we have bus costs;
toicher substitutes, food and motel costs. Parents help with costs and
Some money is available in special funds such as through the Science Club.
{ usually pay for long distance phone calls related to trips: Sometimes I
have bought the gas on trips and have paid for my own substitute. PYaying
for student meals and transportation is not unusual for me either. We do
charge-a science fee of $3.00 per child to help pay for instructional
materials. - - ,

As a result, I can use any money I get. I zlso need money for field
trips for those children who cannot afford to go. Although I try to pay
for them but my resources are very limited and I can't handle it all. And,
| @lso nced many special materials for the children require a broad range
of written and manipulative materials.

Our principal has gone on field trips with us angi;giﬁéi56haliy aware
of every activity as he helps to fit them into the school calendar. The

Sccondary Supervisor comes to school regularly to keep informed of our
plans and ativities as well. I always plan with the principal and the
Supervisor as they really are cooperative and seem delighted that our stu-
dents are getting so many opportunities for non-traditional learning. I
also get parents involved in field trips and Science exhibits. They actu-
ally help with experiments and help to supervise groups. S

 Between all the paper work and what it requires to teach 160 students
cach day, 1 will probably not be able to take as many field trips in ‘the
future. Also, I used a considerable amount of my own salary for expenses
and 1 cannot do that indefinitely. The time spent ifi organizing and under-
taking field trips has been hard on my family also. I take my two children
atong, if possible, but all these personal sacrifies are hard. 1 often
wonder how long a teaher can maintain the energy to be really creative and
still teach school.

MY DREAM

I would like this program to begin in the elementary school. Then, I
would be able to teach the children in the lower grades so that they would

have a better background and understarding before they get to ths 8th
grade. This might help make Science more important in the elementary
grades and would enlarge on what I can now do. At present, science in the
elementary school alternates with social studies and often must be short-

changed to allow time for music and art. Math and language arts times are
rigid and never chatiged: Even capable teachers in the elementary school

simply do not have énpggﬁrtimé or flexibility to do argooa job with Sci-

ence. I know I need time to plan_as better planning enables me to indivi-
dualize to & greater extent. As I see it, elementary teachers have little

time to plan for science. . B ] , )
1 also need less paper_ work. Now, every ‘ree moment has to be used
filling out forms; doing folders, and fitling out more forms. Every dis-
cipline problem requires a special form (and sometimes several) and
instructional materials require requisitions. There are numerous question-
naires to be handed out and collected in homeroom and there are parent per-

mission slips for everything.
111
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My dream also includes more funds, free time during the school day for
corferences with resource persons, and an aide to handle some arrangements
for tield trips. [ would like to buy more periodicals for our resource
collection and updated materiazl in all areas of science.

As powerful and vivid as my dream is now, if my schedule remains as

strenuous as it is now, I think I will just get tired. I1'11 either have to
10w, ] : r hav

laave teaching or else stop being creative in order to survive. I hate to
think of leaving out the creativity for; if I wanted the program to faii, 1
would stop caring about the children and quit dreaming up new activities.

I weild just give them written exercises out of the book and try keeping
the.an quiec:. : . S . -
Now, I keep going because I love the job and find means ,of reward even

though most of the rewards for teaching are personal. I can see the chil-
dren learning to love science and not hating it as a subject. I can see
that they are becoming motivated to learn and I see their attitudes chang-

ing: Discipline problems seem to disappear as the students get interested.
These are rewards which are truly mearingful. o ' }
Those rewards are somewhat intangible: The only tangible rewards have

sbeen a plaque from the soil conservation service in Bayboro; N.C.; an invi-
tation to speak at the North Caroclina Science Teachers Association, and

recognition as a National Exemplar from the National Science Teachers Asso-
ciation Search for Excellence’'in Science Education.

The workshops where I-learned specific Science skills were great and

personally rewarding as well. I have found workshops inspiring and a means
of introducing me to new skills; jdeas; knowledge; and people. Teachers

need to get out of our classrooms more often _and into good Wdrksh§p§ where

the emphasis is on broadening horizons through learning new ideas and shar-
ifig with other adults: In the future I hope Workshops will continue to
provide one way of keeping me updated and providing fresh enthusiasm for

teaching and this program. At these workshops, as | meet resource persons;
and learn new skills helpful in enriching the students I become inspired

once more. Workshops are a great help and motivation to me. If I can keep
finding more rewards like those I have received, I will have the inspira-

tion and energy to continiue what I view as a most important program for our
students and our environment:. N B
The help and inspiration I have received has been rewarding as well:
The following individuals provided materials; came in as resource persons,
helped arrange field trips, and gave support and encouragement throughout
the program! John Sanders, Coastal Weather Specialist, North Carolina Sea

Grant College Program; Ray E. Ashton, Director of Education, North Carolina
Museum of Natural History; Lundie Mauldin; Marine Education Specialist,

University North €Carolina Sea Grant College Program; Jo Ann Powell,; Educa-

tion Director, Hampton Mariners Museum, Beaiufort, North Carolina; Dr. Ned
Smith;, Satly Nunally; Hilda Livingston, North Carolina Marine Resources

Centers.

[
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Chapter 10: Audio-tutorial ISCS

By
Marvin Selnes T.R. Maursetter
Victor Rames Robert Simonson
Arlyn Thomas LaVonne Zeeb

Sioux Falls, South Dakota 57105- 409§

fdur junior hlgh schools. It is located on the eastern edge of the state
near the Iowa and Minnesota border. The city contains several light indus-

tries,; the largest being John Morrell meat packing. Other large employers

are Litton's Microwave plant, Citibank's credit card division and three

hospitals. Sioux Falls is the location of the EROS Data €enter; the Univ-

ersity of South Dakota Med1ca1 School, and Augustanarand Sioux Falls Col-
leges. Parents of students at Patrlck Henry are 1arge1y middle class to

upper. m1dd1e class. There are fewer than 3% minority students and our phi-

losophy is orie of a basic mid-western conservative,; family oriented popula-

tiom. _ :
Patrick Henry Junior High with 1065 students in" grades 7, 8, and 9,

has a prof6551ona1 staff of 2 pr1nc1pals, 2.5 counselors, 65 teachers, and
5 certierd aids: The main building was constructed in 1958 and a science

wing was added in 1970. The three double classrooms and & storage ares a.e

equipped with perimeter lab activity counters and 1slands with water, gas,
and sinks. Each double room accomodates 60 stiderits with audiotutorxal

carrels present in each classroom. Each of the four junior hlghs has had a
6 room science add1t10n built in the last 12 years.
The 7th and 8th grade room is 35 by 70 feet with a folding door down

the center that is partly closed. Each end of the room has an equlpment

cart &dccessible to students: Counters and islands with water, gas,; and

sinks form the perimeter on two sides of one of the double rooms while car-

rels form a third side and the folding door the fourth The 7th grade end

student tables in the center and at the perimeter 1slands

in the 8th grade end one corner of the counter is used for the chemi-

cal dIspen51ng area; dry powders on one wall and liquids on the other.

Each room has a fume hood with an exhaust fan for use with nitric ac1d and

iodine tests. The room has a fire extlngulsher, a fire blanket and an eye

wash station. The center of the double room has equlpment for the storage

of glassware and other equipment that is unique to the course: The p:iime-
ter counter has test tube drying racks.

The 9th grade room is carpeted with carrels on two walls. The stu-
dents sit dat two-student lah tables that are positioned in rows in che wen-
ter of the classrooms. Equipment is available on shelves along -nc wall
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and on a wall hung pegboard rack. There are two island counters with
water, gas and sinks. o ) , -

The walls in 211 rooms are used to display teacher prepared and com-
mercial posters. Each room has a "flow chart” o help the student deter-

mine the unit progression and the required and extra credit units: Th= A-T

carrels, cassette tape players, cassette tapes, behavioral objectives; and
small group testing areas make the physical facility somewhat unique.

While the new sciemnce addition was_ in the planning stage science

department meetings were held to deal with program needs: The need for a

new program became apparent from a multitude of indicators. HMost evident
was student disinterest in the subject matter offered: Teachers were cons-

tantly revising laboratory exercises_ and lesson zpproaches trying to moti-
vate students: Too few students elected to take 9th grade science and
those who did were boys. From these meetings a mnew program was devised.

Articles about audiotutorial methods were read and discussed and on-

site visitations were made to Indiana and Minnesota to view A-T installa-
tions: Attendance at ISCS workshops by the entire science staff led to
many ideas and discussions. Finally a proposal incorporating ideas from
the staff and others was submitted to the Board of Zducation and approved:
considerable inspiration came from Postlethwait's Audiotutorial Maniual pub-
iished by Burgess and am 1SCS Workshop conducted by Jan Holman, Silver Bur-

dett; Richard Wik, Burgess Publishing Co; Jcel Padmore, University of South

Dakota and Marvin Selnes, Patrick Henry Science Chairman. We also got
encouragement and assistance from: Lee Conelly, AV Diretor; Sjoux Falls
Piublic Schools, T.C : Tollefson, Assistant Superintendent/Curriculum; and
Dr. John Harris, our Superintendent of Schools i ,

. While we all were involved; Marvin Selnes provided the project idea
and leadership at all grade levels as well as objectives and tests. Robert
Simonson; T:R. Maursetter; and David Elliott developed objectives, tapes,
and tests for Level I and II. Victor Rames wrote objectives, tests, and
tapes for Levels II and III while Arlyn Thomas provided tapes and, along
with LaVonne Zeeb, developed revisions for Level I. Robert Simonison also

developed Basic science activities for grades 7; 8, and 9.

Most of 7th and 8th grade is physical science while 9th grade centers
on earth,; environmental, space and biological science. Most of our stu-
dents take 10th grade biology as their required scierice course:. In begin-

ning this course, we developed a proposal and submitted it to the superin-
tendent of Schools and the Board of Education. After it was approved;

specifications were written for the rieeded A-T equipment: As a group we
ordered text materials and supplies and worked through text activities that
Siitiier ;. The Whole science staff was involved: Behavioral objectives,

tapes, tests, worksheets; and supplementary materials were prepared and
storage equipment was constructed. Then, we hired an aide and instruction

began: Since the start of the program, tests; tapes and objectives have

been revised several times. The recommendation of the Superintendent; the
Board's funding, and the enthusiastic support of the entire science staff
ied to smooth implemerntation of the program.

We also made it easier by preparing ourselves for this new Audio-tuto-

rial ISCS program: We read the ISCS professional modules and had three

summer sessions to work through the text material, preparing the student
instructional tapes, tests; objectives, visuals and storage materials.

Soiie ~f us attended NSF ISCS Summer workshops sponsored by the University

of South Dakota in Sioux Falls and Vermillion: Others visited schools

ek
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using ISCS in Mitchell, SD and Hawarden, Iowa: Equally important was a

visit to Patrick Henry by Charles Richardson, an experienced ISCS Teacher

and Science SuperV1ser and now a Silver Burdett consultant:

The teachers have galned a greater awareness of individual student

differenes: and how to take the oppertunity to work with small groups of

students as well as individuoals: Most of our teachers now place more

emphas1s on behav10ral obJectlves that stress action verbs such as observ-

ing, cIaSSIfyIng, measuring; predicting; and test1ng

Equipment used for experiments is stored on carts that are specially

deSIgned for most of the spec1a1 equlpment ObJectlves are kept on racks

storage cabinet accesible %o students. Each student s notebook and other
stored materials are in travs and shelves in the classroom or_ science sto-
rage area according to cliss period. They are made available to the
classes as needed. Bocks are not checked out to the -student;, but are
stored around the perimeter of the room on book Shelves. They are accessi-
ble to btudents during the clas period anc may be checked out over night if
needed. Four minutes of time are allowed at the close of the class period
for student clean-up, return of equipment and room inventory.

~ Patrick Henry students are of all ability levels. Seventh and elghth

grade classes are 60 to 62 students with two teachers and one certified

aide. Ninth grade classes average 30-32 with one teacher. A majority of

the students are of the middle to upper elass WIth others ranging down t

the poverty level: One-half of the students are the children of busines
and professional parents.

1. develop self rellance N

2. grow in social respons1b111ty
3. develop sc1ent1f1c literacy

4. develop an 1nterest in science

We provide a variety of activ1t1es, both ISES and supplementary which lead

to these goals The 7th and 8th grade classes include units on alternative

energy soures and conservation of present energy sources. Ninth _grade

units; ISCS Environmental Science, Well-Being;, and lnvestlgatlng Varia-

tion;, include examples of human adaptation and references _to alternative
futures. Ninth grade uses a supplementary energy unit and The Search For

Solutions  film series as well. Inquiry processes are an integrdal part

'o'fth'e methodology of the ISCS Cilrrlculum The Search for Suiutions film

Studentsrln our program do pretty much what any ISCS students do:

ﬁut, in additlon they are listenlng to preV1ew tapes, listening to summary

At all levels students meet success in the science classroom; thus

maintaining a positive attitude toward science and science classes. The

teacher has an opportunrty to discuss science related occupations W1th the

class as a group as well as with the individual students. 'The Search For

vide information concerning career opportunities.

M‘.‘
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the student. Each student is in class one class period per day for 47
minutes per period or 235 minutes ‘or the weeR

Students work in pairs during the lab act1V1t1es and select the work
pace that is most comfortable for themselves and one that will y1eld the
desired unit grade. The program is activity or1ented and students have
freedom in the selection of some of the text eXcursiorms while others are
requlred for remediation. :

Problem breaks in the text and small group quesflons use personal

Rnowledge to study social applications of science. Students play a key
role by niaking choices on which excursions to take and wh1ch prohlem break
or project to do. The student is the c m core of experxence Smait

group evaluatlons are based upon}behavlorcl obJectIves The tests include

.graphic 1nterpretatlon and problem solving situatiomns:

Our teachers have particxpated in a study of Plaget s work in devel-

opmentai cognitive psychology: We test all students to determine the level

of formal and concrete thinking and consider aspects of this psychology as

we develop activities and as we teach. Some of our study and activity

development was funded through Title IV-C grants.

Teachers are very committed to the students' welfare; as demonstrated
by self-pacing by the student rather than group pacing. Teachers work with
individuals to arrive at a pace that allows for the greatest amount of
learning by each individual. As a result; each student meets success and
thé téécher i§ ftéé to Wofk With réﬁédial act1V1t1es. All act1v1tles

Students are capable of success and will strive for successful experi-

erices. When we let students plan 1nstructional work periods the teacher

becomes less threatenlng and is looked at as a helper:

Students self evaluate when they are prepared to do so. Generally;

before a self- evaiuat:on, they listen to preview and summary tapes,; study

the chapter objectives, and review their notes on activities. In addition

to self evaluations one of our prograw: goals is teaching social responsi-
bility. We provide systematic opportunities for this by giving students
responsibility for much of their 1learning as well &as responsibility for

1nventory and clean "up. at the close of each class perlod We find students

Teachers prepare laboratory mater1als and monitor studeqt progress as

well as developiig, testing, and revising all obJectlves, tests and tapes.

Teachers also prepare slide sets to illustrate equipment procedures : In

add1t10n to all the ordinary tasks whrch teachers do our teachers are

Teachers are working with students individually or in small groups on

laboratory activities; preparlng materials and reagents; or giving small

group evaluations. They may be correcting tests and notebooks; meeting
with other science teachers to plan activities or reading science profes-
sional literature to improve their ownfknowledge and develop ciirriculum.
Teachers actively assist students with science research projects, and
make-up work. We don't spend all our time using inquiry techniques and
skills; we dlso repair equipment. But, even then, we try to avoid giving
students too many answers.

Our focus on Inquiry 1ncludes an alertness to wait time, use of proper

questioning techhiques to get somethlng other than memorized answers; and
appropriate classroom organization:
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Aides assist in the classroom and correct a majority of the niotebooks

If they are not available it increises the teacher work load considerably

and reduces the amount of quality time which teachers have for working
directly with studencs. S . ] o
We use THE SEARCH FOR SOLUTIONS film series; filmstrips to accompany

the NATURAL WORLD, ENERGY CHALLENGE videotapes plus other films from the
South Dakota Office of Energy Policy and other sources. ‘These materials

are used during special emphasis units providing students with current
information on energy alternatives aSd conservation, present reserves; and
current issues. B 7

Student interest is shown by above average enrollment in elective
courses. Studsiits have a positive attitude toward the class and are will-
ing to work before and after school on a voluntary basis: They talk to
thinir parents alss. When the program was threatened with cancellation dur-

ing a K-12 study and all of the junior highs were scheduled to offer the

same curriculum, parents were willing to testify about the positive aspects
of the program: Students compete with 9-12 grade students and win more

than their share of the competition.. Teachers are enthused about teaching

and express pride in the work being done. ) )
While parent involvement is not an. integral part of instriction,

parents do provide students Support and help with homework. We inform

parents. of their student's progress and a list of work that can be done
outside of the classroom is provided to each parent. o -

) Our administration has supported us completely. Their support inmi-
tiatly enabled the program to be started. Then, their support allowed us

to write proposals to fund a variety of implementation activities and
development of computer programs. They also have provided funds to travel
toPconventions and conferences and to support our budget: They are very
flexible about granting permission for students to attend and participate
in contests. B , , . .

The principal provides an atihdé,phété,b’f,acceptﬁanéé and concern as well

as approval of the program. The administraticn, however, plays no direct
instructional rote. They approve dll proposals and requisitions, schedule
scienice classes in consultation with the department representative, and

provide evaiuation of the professional staff. But, they are not involved
in curriculum or instruction. - o o S
We have a curriculum study committee which, with the advice of teach-

e-s; recommends material purchases to the Board of Education through the

Suparintendent. A Staff Development Committee for. the District and a

building In-Service Committee recommend staff training opportunities and
formats. Some of our inservice was provided by outside fumding. We are
considering proposals for the district staff development program.

] We feel the best int. ‘ests of the students must be first. Any program
changes must improve the efficiency or quality of learning. Our strategies
for learning must be based upon the student's developmental level or we
know they will not lead to true tnderstanding: L - o

 Professional organizations, especially the NSTA Conventions have
served as a tremendous source of inmspiration; informationm, and ideas:

Their continual emphasis on excellence and work toward that end have been
valuable and allowed s to realize that we are not alone in our quest. Our
teachers regularly read The Science Taacher, Science and Children;. The

Physics Teacher, The American Biology Teacher, Science Education; Jour-

nal of Geolog‘cal Education; . School Science and Mathematics, South Dakota

e
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Science Teacher, Environment, Science 83, Astronomy, Scienice News
Letter, Smithsonian, Natural History, National Wildlife, Phi Delta Kagpan,
and several compiiter publications. We read a lot of journals, we get a lot
of 1deas and keep current and professional.

We don't expect much charige in our goals We do, though expect to

change curriculum as needed to maintain relevancy and meet new needs. The

energy un1ts have been added in the last two years and poss1b1y more lSlS

to be adopted in 1983 Our other three Junlor h1ghs in the system have not

adopted the lSCS but use a text- entered ~group- paced program. Patrlck

wh11e writing 1t We would like to add more Earth and Life Science units
to be consistent with the new Curr1cu1um as well Our plan also includes
more use of m1crocomputers, espcc1ally at grade nirie:

Exams, worksheets and tapes are contlnuaily assessed and revised as

needed: All ninth grade tests were changed in 1981-82 and parts >f the 7th

and 8th exams were changed in the last two years: Tapes are changed as

well. These changes are made to facilitate student learning and reduce

problems noted in previous activities. This is one very obvious benefit of

developIng our own curr1cu1um' we can reV1se as we need

during all perlods so teachers can never really get together eas11y Th1s
would improve communications and provide a common time to work on revi-
sions; new act1V1t1es, and thlnk of the future

studylng ISIS and other inquiry texts and art1c1es.r It would help if more
of us could attend conferences and conventlonf' We also w””ld llke to

which would increase our power in the classroom o
We feel that teachers who read profeSSIonally,rreVIse materials, pro-

pose innovations,; and are dynamic would fit in well with our staff and pro-

gram. These are the kind of teachers who listen to parents; students, and

others. These teachers are concern:d with communicating.
We have conducted interviews with selected students and parents and
found them wuseful in developing revisions. @ Surveys_ of past graduate;

including present 10-12 graders; would be useful as well. More and better

reV1s1ons would make us more cons1stent W1th P1aget levels of stulents and

lead to 1mproved 1earn1ng and greater student 1nterest

Our program would fail if we lost our current good teachers by trans-

fer or resignation and replaced them with teachers who do not accept self-

pac1ng and inquiry teachIng Or; if the administration denies our request

for curriculum adoption exceptions; our program will 1nstant1y disappear.

Our program has been very successful in encouraging students to enter

science competitions. We also have won more than our share. We have had
two Space Shuttle Regional Winners; and two International Science and _Engi-
neering Fair part1c1pants. Two of our students entered the South Dakota

High School Physics Contest and took ti.iid place. We were the highest
ranking South Dakota School in the Neational Science Olympiad Test arid we

‘won two of five South Dakota Reszarch Grants for students. At the South
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Dakota Junior Academy of Science, 11 of 43 papers presented in 1980 were

patrick Henry studemts and 17 of 49 presented in 1981 were our studernts
(The Sioux Falls Board of Education has only allowed junior high students

to parti¢ip§§e7§he last two years.) We have State winners in the National
Ensrgy Education Day each year.

1f we wanted to implement our program in another school, we would sug-

gest,that ieachers read alot and spend time with us visiting &and teaching

i the Patrick Henry science classroom. Once you have an innovative pro-

gram you must write about and defend your material as meeting the needs of
students before you have Lo deferid the program itself. o 7
, preservice teachers should study the psychology of learning and
develop an awareness of professional growth. Preservice students shouid be
encouraged to read professional journals and show commitmert to education
as a profession. Examples of and deve lopment of inguiry activities:

We expect new teachers to approach the program with an open mind, be

commited to reading professional journals; and have & brdadﬁbackground in

all sciences. These teachers need a belief in success and pride in a job
done well. If they du, they will be working in a program that students and

parents enjoy, appreciate, and acknowledge as successful:
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Chapter 11: Introduction to Scientific Research:

A Svrmer Science :Recearch Program

By
Troy D: Bridges .

Spartanburg High Schooil

- Bupre Drive
Spartanburg,; S.C. 29032

 Spartonburg, a city of 44,000 locatcd in the Piedmont area of South
Carolina, 1s 42% minority. This textile community Supports a large variety

of sccioeconomic levels and cultures. In_addition to textile plants, sev-
eral metal working and machinery factorles, food prodiuct industries and
ceramics plants are found in the community. Sixty-six firms representing

ten nations are located in Spartanburg county, one redason Spartanburg is
still a growing, prosperous area.
. Spartanburg s District 7 senior hlgh school, with approxxmateiy 2,300

students in grades 10-12, has 140 staff members 1nc1ud1ng teachers and

administrators. The 1n1t1a1 structure was buiilt in the late 1950's with

more recent addltlons and renovations cowpieted xn 197& The mood and

excellence: This tradition is being maiatained by an enthusiastic and ded-

icated faculty and staff. In addltlon, the community expects Qquality

instruction. Consequently; we have a setting condusive to learning in a

coritrolled but relaxed atmosphere.
The science wing was completely renovated in 1974 with scrence teach-
er53 doing much of the design work. Now, there are separate laboratories

for the advanced placement chemistry and physlcs students, a radlatlon lab
for carrying out experiments with low level radicactive 1s¢topes, and a

balance room with & special isolated table: A shop with extensive power

woodworking, metal working, and weldlng equipment supports the fabrication

of new devices whlle a glass bloW1ng bench, compressed air to the advanced

placement chemlstry lab and demonstrat:on desks; and a steam plpe to the AP

chemistry labs enhance the range of activities available to our students.

The science area aiso contains darkrooms; a chemical preparation room; a

chemical storage room with special collapsing wall in the event of explo-

sion; and a éreenﬁouse with c11mate controls.

housing and growing animals,; and six new biology labs with five offices.

Each biology lab contains a preparatlon and research lﬂb as well Every
laboratory is equipped with an enV1ronmental ceniter while the AP blology
laboratory has an herbarium and its own darkroom. Th§7§§Ien;e wing also

houses a_computer center. Out51de we have a nature path for year-round
student’ field study.
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Our summer Science research program was initiated. in 1963 by a chemis-~

try teacher, Mr. Robert Gettys; who is now an assistant principal. The
program developed from the atmosphere created by the 1960 space age excite-

ment and his desire to provide far more science achievement at Spartanburg
High. We had a great need to upgrade our science teaching staff and help

keep them abreast of scientific research and, at the same time; a need for

a more oper-ended science experience for high ability students. We wanted

to compete more successfully with students from the other districts and

counties in the local and regional science fairs as well.
Our students are generally above average in ability and have a strong

interest in the sciences. Many are looking in the direction of science or
engineering as a career. Each summer we have from twelve to twenty-four

students in a coursc designed for students who are self-directed to a large
extent. The course is not designed to deal with specific handicapps or

problems that students may have but students with varying emotional and

learning disability problems have been successful. The students are mainly
from low to upper middle socioeconomic status families with a positive

attitude and @ desire to work diligently toward a solution to the problem
under study.

OUR PROGRAM

 Basically the program emphasises the scientific method of problem
solving while introducing the student to the elemenits of research: We also

visit research facilities where research scientists explain and show stu-
dents evidence of applied research while discussing the differences between
basic and applied research.

777777 First, we want to introduce students to the fundamentals of science

through research by giving them an opportunity to identify and state a

problem for study. We give students experience in personally formulating
and devising experiments to test their hypotheses. Collecting and analyz-
ing data and presenting it as a written paper and an oral report to his

classmates and faculty is a final experience for our students. In the pro-
cess, students become familiar with the rudiments of literdtire research

and the use of abstracts; readers guides; journals and other reference

materials. We introduce students to research facilities as well as men and

women who are actively involved in research. We feel strongly that an
opportunity to interact with scientists and other students in a relaxed
atmasphere leads to pooling experiences and gaining knowledge which can
provide solutions to problems. In observing students over the years I have
noted that many increase their SAT scores to a large extent through the
experiences in this summer program. The needs of the students are upper-

most _in the minds of the faculty and we want to provide an opportunity for
developing emotior.ally as well as intellectually through an experience that
leads to success. L , - -

We encoiurage students to use problems in the area of their greatest
interest. Many times their choices relate to social problems such as alco-

holism, diabetes, or possibly the energy ‘crisis. We have been pleased with

the success of our students over the years. For example, one student
became interested in alcoholism and devised a means of inducing alcoholism

in rats so he could study the removal of the pineal gland as a cure for
alcoholism: He was able to remove the gland successfully in a numbexy of

rats. By discussing student projects in the area of environmental problems
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Periodically group discussion periods are held where students relate

the progress they have made and the difficulties they have encountered.

This provides opportunities for other students to offer suggestions and

advice and provides an exchange of ideas and scientific knowledge while

creating enthusiasm and interest on the part of students and teachers:
v

EACH DAY

in this summeg programs students play a vital role in the scheduling

of work time. Aft¢r a brief daily meeting which may last from ten minutes
to more than an hbur the student is then involved in his workstudy time.

Students plan a daily schedule and are responsible for fulfilling their
daily, personal goals. Studeats have. been given roles of leadership in
personal managdment, planning, and decision making:. We make certain that

each student takes an active role by placing each on a summer science com-
mittee. There is a book committee responsible for making sure that books

are returned to the libraries om time; a shop committee responsible for
tools and their care; -a social and recreationatl committee responsible for

developing esprit d'corps among the students and planning Social arnd
recreational activities including Swimming: parties; rafting down nearby

rivers, tefnnis tournaments and weiner roasts. o o 7 -
) We encourage students to come in each morning with a goal already set
for the day, a plan, and then to finalize their work. Students log into
the program in a cénitral book each day and then log out. They are respon-

sible for doing their own research papers and other things that are

involved in personal evaluation. _ .

. Students meet in a central classroom at 8:30 every morning for an ini-
tial information and exchange period. This period. may be ftom 15 to 90
minutes tong depending upon the circumstances.  Planning for a trip or
checking on the return of books to libraries; instructing students in the
use of abstracts or in procedires for writing their paper may be covered at

this time. This is generally the time films are shown as well. ) -
We show the film series "'Search for Solutions" since we have found it

helpful in developing an appropriate attitude toward research. The remain-
ing part of the day teachers are working with individual small groups on

college libraries using abstracts. Then, they go to Clemson University to

use the more extensive library facilities. Students also visit local

research facilities such .as the Milliken Textile Research. Center; the ;
CRYOVAC Company which is a division of W.R. Grace, tne HOECHST Fibers, and
the Savanna River Nuclear Plant. With a group of 24 ®&tudents, each doing
different studies; there are a seemingly unlimited number of .things that

have to be secured for the students. - ]

Teachers avoid allowing the students to become dependent upon the

teacher for answering questions or doing procedures that are clearly within
the grasp of the student. Teachers have to recognize; however; that stu-
dents have never encountered this kind of situation before and may be prome
to bécoming discouraged. Continual encouragement enables students to gain
confidenice in their own work:. Students are given a notebook at the begin-
ning of the summer program and they are asked to divide it into several
sections. The first sectiom is the daily log which they complete each day
iricluding a section for lecture notes and a section for unsolved problems.

They list these problems as they go through the summer. They encounter

~
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dbstract fiimbers and reference materials they may want to use later

Students are encouraged to learn through reading; interacting Wlth

otner students and teachers, and eXperlmentatlon Although an individual-

ized approach to learnlng with open ended inquiry is emphasized, total
class general sessions are called at least weekly giving students an oppor-

tun1ty to tell about their progress and raise questions about other stu-

dent s work Burrng these sesslons currenc news 1tems related to disease

approved they make a list of chemicals and materlals needed These come

from the stockroom or they may be ordered. Students go through science

material catalogs and locate what is needed and within their budget. Stu-

dents keep their chemicals and equipment at ass1gned work stations and are

responsible for maintaining their own work space. o
Key books that we have available are Wilson, An Intrnduction to Scien-

tific Research and White, introduction to Research We use these as refer-

ence material without assigning students & book. They are not asked to

read or report on the text materidl, only to understand and use it. Stu-

dents also are given outlines of a format for ertten reports used by the

South Carollna Junior Academy of Science; giving a consistent reporting

instrument for research work. . B
On several days, outside speakers present their ideas; discuss the

xc1tement of research and 1nstruct students on varlous types of research

sis.

'The program is based on an 8 week perlod runn1ng concurrently W1th the

regular summer school. These weeks are loosely divided into four areas of

concentration; the choice and statement of the prcblem ‘and searching the

‘iiterature; design of experiments and assembly of apparatus, the execution

of the experlments and collection of data, and evaluation and reportlng of

the student's work. Obviously th1s order can not be followed in all cases

because of the 1nd1V1dua1 nature of the program’ it does however,; outline

the d1rectlon we expect the student to proceed in his research work. Stu-

dents are free to choose any area of interest for their research and usu-

ally narrow this in an interview session with the teachers. This narrowing

of focus is necessary because student time; equipment; chemicals, and pro-

gram funds are limited. The only cost to students is the regular summer
school tuition:

While students must spend a minimum. of 120 hours durlng the e1ght

weeks,; an average of 15 hours_per week, most students spend well over 200

hours at this investigation. Faculty members are present from 8 30 to 4:00

each day with the number of faculty members present depending on the number

of students that will be working. Although this activity takes place dur-

ing the summer; the flex1b111ty of thie program aliows students to be with

their parents and family during vacation:

The teacher in thlS program must perceive the stud nt as thé probIEE

facts. Teachers must encourage students to experiment and _try new thlngs

even though they feel that it is not going to work. Students should be:

encouraged to find what happens when certain things are carried out.
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Teachers encourage a sense of curiousity and interest by presenting
interesting demonstrations and posing questions. Tliey involve students in

arriving at solutions and raising questions which develop into significant

studies. One of our students became interested in the biue bottle reaction
presented at the beginning of the summer program and his studies began at

that point. This sense of inquiry eventually led him to be recognized as a
Westinghouse winner. , - o

Teachcrs give ifstruction in techniques but use an open approach with
students in the research activity: They pose questions for students to
consider and allow student opportunities to experiment. Philosophically,
teachers view themselves as catalysts:

) Each teacher presents special topics of interest. For example, we may
havé & preseiitation on wave phenomena followed by presentations on light or

laser, holography or chemistry demonstrations. Some spectacular rea tioms

may include the blue bottle, dust explosion; thermite; and potassium per-

manganate and glycerine reaction. , , 7 7
Teachers must be careful to keep the program student-centered and

assure that periodically news media report the work of the students and the

awards and recognition they have received at the state and natiomal level:
. We would like to add more visits to laboratories and industries with
additional visiting lecturers to enhance the depth and body of the program.
“Veachers must employ the scientific method of problem solving. They
must have experience in laboratory or industrial type experiments. The
teacher is assuming the role of research director and provides a sounding
toard for novice researchers to draw on; a source of ideas and suggestions

enabling him to overcome the hurdles he continually faces. The student,

being the researcher, needs someore with a good background and experience

who can help him in talking thfugh problem solving situations but not
necéssarily givirng him the answers to questions. The teacher's role is

poiiiting him in the direction he needs to go to solve his problem.
The skills we would like a teacher to possess are laboratory techni-

ques in the area of his field; a basic understanding of the elements of a
controlled experiment; and the ability to use the reference materials in

the library including the readers guide, the science and techmology index;

the abstracts and the chemistry, physics, and biology journals. Of course,
knowledge of other reference materials that are available in the library
would be useful. It is very useful, as well; for teachers to be adept in
the use of hand tools for fabricating equipment. It is important that

teachers be able to instruct students in these skills since they must be
guided due to the potentially hazardous nature of the activity.

Our staff membe-s hold membership in NSTA; NABT; and AAPT and read the

journals regularly:. These journals provide new demonstrations for teachers

anid dare d@ source of project ideas for the student.

EVALUATION
" The open-ended nature of the program does not lend itself to an objec-
tive evaluation system for we feel that tests would be a discouraging fac-

tor. We try to make this a learning experience that is as student-oriented
as possible by providing an atmosphere where the students begin to appreci-

ate and enjoy learning. If we were more traditiomal, including traditional
exams; we would fail.
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Four measuring criteria form the basis for evaluating students; 1) the
daxly log book; Jncludlng daily antivities, the literature search infor: -
tion; and problcms, 7) a written paper following a siuggested out11ne, 3) A1
oral presentation which is video taped, and &) the student's sclentlflc
attitude including interest, ability to organize and carry through W1th

work goals,; creativity,; curiosity and understandlng, and applying scien-

tific principles. We do not administer any tests of knowledge or labora-
tory skills. Our evaluation is based on the four criterisa, scientific
attitude; and the self direction of the student

Wockly, the staff meets to discuss the progress béing made by indivi-

dual students and to assess lhe program. At the end of each summer session

ideas are recorded that could lead to a smoother, more effective program
for the next summer.
1 think it is,signiflcant to riote that this program has not been

d1rected from the administrative level: The teachers on staff work closely
with the administration, howeVer, but no gUIdellnes or number of students

enrolled is set as a basis for the program. This is important in order

that the staff knows they have summer employment. This past summer we

1ncreased the niumber on the staff from three to four due to the increased

riumber of stud””ts partIpratIng

Our program is successful as evidenced by the honors recelved by our

students. For 1983 we have 16 students who are National Merlt Scholarship

semifinalists; more than any other public or private hlgh school in the

state: Over the years SHS has ranked among the schools having the h1ghest

number of National Merit semifinalists in the nation. Two students are

finalists in the 1983 national achievemernt competition, nine students are

commended by the Natlonal Merit corporation, and five students in the past

three years were finalists in the Presidental Scholars competltlon Stu-

dents at SHS may prepare for advanced placement examinations in thirteen

areas; more than any other h1gh school in the state: We think the follow-

ing comparlsons are interesting: in 1969 there were 78 Advanced Placement
examinations given in the school; thirty-one students scored_ three or

above. In 1982 there were a total of 170 examinations with 127 three or

above. blxty six scored 4 or 5; the hlghest possible scores.

Of the graduatrng class of 1982, 76% are attending 61 1nst1tutlons in

15 states: Our '82 seniors in the class of 82 won scholarships worth
$704,000 for four years. Not iricluded in this figure is any need-based aid
such as the South Carollna tultlon grants or bas1c opportunlty grants Bur

and 6 points higher than the southeastern average with sixty- seven percent

of the 1982 seniors taking the SAT. Science Olymp1adesrresearch projects

and competitive testing produced more than our share of state and national

winners. The State of West Vlrglnla hosts two senior science students from

each state for a Lhree week science camp: Eleven students have been
selected from Spartanburg ngh School since 1972.

The Amerlcan Assoc13t10n for the Advanrement ot Sc1ence each year

national meeting: Since 1970 seventeen of the twenty-four state wifiners

have been from Spartanburg High School. And, since 1972, three of our sum-

mer science students have been among the top forty Westlnghouse winnners.

The South Carolina Junior Academy of Science was founded at Spartanburg

High School in 1969 and now has over 2000 members. OQur summer Sciemnce pro-

gram establlshed 1n 1963 has had an enrollment of over 300 students an
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A survey of past graduates would be interesting and useful in

validating the importance of the program cspecially as it aids in career
clioices of the participants.

*  The most significant expense is the salary of the faculty members,; an
amount that is variable based on experience. The amount that is directly
including

involved in program expense is approximately $100 per pupil,

transportation and material costs. From the beginning the program has had
the backing of the school board; local principal and the district superin-

tendent along with the assistant superintendent of instruction:
The success of the project comes from this support of our school board

and superintendent who contifnue to provide money and community promotions.

The program also is blessed with staff members who are talented and devoted
to the project and give much time and effort to see that it succeeds. It

has been a cooperative sort of effort between community and administration
and the teachers over the yedrs with the community providing support in
allowing students to visit research facilities and speakers for areas that
we have requested. It will continue because we have young teachers on the
faculty, two of whom are former students in the program and are now tedach-
ing chemistry and physics in the science department. We feel thdat these
young people will be able to maintain the program on this high level or
even higher than what it has been in the past. o S
Parents are involved initially as students are being recruited to the
program. At this time parents are told about the program, the success it
has enjoyed over the years, and,; in addition, the parents and students are

shown the facilities available for the students to use during the summer
program. S , o
The assistant principal of instruction sends letters to prospective

students in the spring and he or the principal welcomes the students; and
parents to the introductory meeting. o - o

The administration supports our problem by providing summer- salaries
for the faculty;, leading to better staff maintanenance by placing teachers
on 11 month employment and easing some financial restraints. In addition,

the opportunity for teachers to keep abreast of what advances dre being
made in their respective areas is a positive influence. More importantly
we see young people come alive to the potential they have to do something
that could make a difference.

In general the role of the administrators is to provide support for

excellent instruction by supporting the teaching staff and through discip-
line, building equipment maintanence and materials supply.

7 The principal is responsible for the number of staff members assigned
to the program. His approval is sought for extended outings such as the
Worilds Fair Trip or trip to the Fernbank Science Center in Atlanta. He is
informed of tours and outirgs where school transportation is necessary.

Our teachers have been recognized for making this difference. Two of
the four members of the summer science staff have received the South Caro-

lina Outstanding Science Teacher Award and we have numerous ceutificate
awards for studenit achievement -in science from NSTA, Westinghouse, and
other fational organizations:

~ The flexibility of the program and the interest generated each year at
the South Carolina Junior Academy of Science meeting dlss is one way we

attract interest: The science teachers at the junior high schools are
helpful in encouraging students to get involved as well: The most recent
boost has been & meeting with prospective students and their parents in the

spring in time to schedule the program ifito their summer activity. .
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The nature of the program is such that the commitment for Support must
come from the school board and adminjistration. We feel that a dedicated
reacher with a keen desire to work with young people can sucrceed. We feel
the best results can be achieved with three or four teachers but certainly

not less than two. The student teacher ratio should be one to tive or
1 would like to acknowledge the assistance of Bob Ge'''s, Assistant
§;§99§pa1§ Joe Clarke; Assistant Principal of Instruc ‘and program
staffers Seve Jeffords; Randy Mahaffey; and Major Rhodes their contri-
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Chapter 12: Excellence in Teaching Science As Inquiry:

Some Generalizations and Recommendations

By

~ John E. Penick
bniversity of Iowa

 Glen S. Aikenhead
University of Saskatchewan

In chapter one we pointed out *hat if students are to use and truly

understand the specific and general characteristics of scientific inquiry
we need to provide more than mere dictionary definitions of inquiry. We

need operational definitions and themes, with specific goals and examples.
The synthesis Researchers, in analyzing and developing school issues
retated to teaching science &s inquiry, ‘developed three main themes Each

theme is an important part of an operational definition of iiiquiry. These
three themes; The Learning Context, The Transactions of Instruction, and

The Outcomes of that instrucrion have been addressed by every teacher wish-
ing to stimulate inquiry in sciernce ¢lassrooms. The ten programs described

in this monograph are mno exception.
THE LEARNING CONTEXT

Developers of all ten of these exemplary programs have taken very ser-
iously the contextual component, including curriculum materials; skilled

teachers; science laboratories, and community involvement._ While most
existing school science prcgrams mey make this same claim; few are those
who considered these elements ahead of more traditional notions of cortent,

processes; and skills. Fewer still are these who designed their program
with a full understanding of the role of context in the total inquiry pro-
gram. - o I

" While most school science in the United States is textbook centered
and classroom oriented; all ten of these exemplary programs usc a personal-

ized inquiry curriculum developed with their specific community, students,

abilities, and needs in mind. = As a resuit, these programs involve and res-
pond to the community as well as the students. Shetley Partin's Pamlico
County Junior High Environmental Awareness Program allows students to _exa-
mine closely the fragile envi-onmental balance of coastal North Carolina.
In a relatively poor community where a majority of the population earn
their living through farming or fishing you cannot provide a much more
relevant curriculum. But, more than relevant; these students are learning
what affects the environment; their environment; and are coming to realize
that this is the forerunner of the environment they will inherit as adults.
These students see Science as an important part of their lives, now, and &

way of protecting their own future. These teachers have placed humankind
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in a central focus of study, much as in the Project Synthesis Desired
State.
The communlty is the school yard for junior hlgh students of Eva Kirk-

patrick in Missouri, &s well. These students took env1ronmenta1 }ngulry
several steps further than normal &s they used legal processes and the
courts to prevent a landflll operatlon in the1r community: Now, they are

School have been able to plan and see buiit science taboratories and sup-

port fac111t1es which rival those of many universities. Others, like Judy

Holtz, a primary teacher in Broward County; Florida; have develcped curri-

cula which are unique but h1gh1y transportable

11 teachers in these ten programs are very committed to the1r pro-

grams and their students; sometimes to a most unusual degree. When we

visited Merrit Istand High School we learned that Patricia Dennlnghoff was

in the school and available to students almost every evening, Sometimes
untI} early in the mornlng.

student s prOJect requlred it. We asked”her student teacher, an eager

young man who was obviously inspired. by Ms. Dennlnghoff what advice he

would give a teacher wanting to set uUp a similar program in their own

school. - After a thoughtful few moments he replied, "Get an apartment over

the school, rémdvé the locks from the doors, run in extramphoneitrnes, and
don't expect many uninterrupted meals:" Another person suggested she
worked well w1th studernits becaduse of her own nine children: But; a fellow

tedcher thought those same nine might be why she was at school so much!

We'rs not sure we have a common reason for involvement but all of the

teachers in these ten programs work easily with students; parents; other

teachers ‘administrators, and community leaders. They all participate

actively in professxonal organlzatlons, read professional journals, and see

themselves as tearners. They do not see themselves as fountains of know-

ledge from which students must drink. These are teachers who value inquiry
and an rnqulry orientation in themselves &and their studerits. In addition;

they possess the skills and knowlédge fiecessary to credte an environment

conducive to inguiry. One aspect of the creative, inquiry-oriented person

which is most obvious in all ot themn is their extreme flexibility; inctud-

ing flexibility of time, scfedule, curr1cu1um, expectatlons, and them-

selves. In ahort they a11 Lndiv1duallze instruction to some extent and

soiie profess fiever to meet with more than a few students at a time.

Sorie teachers, like Marvin Selnes; Sioux Falls; South Dakota; have

supplemented commercial curricula; tike ISCS; and found ways to go beyond

mere self-pacing: Others; 1like Patricia Dennlnghoff and.. Kenneth Marx of

Merrit Isiand; Ann Justus; of Phoenix; Lois Durso; of Massachusetts; and

Earry Fauque of Sunburst; Montana seem to create a different cirriculum for

each student. Actually, they let the students create miuch of their own
curriculum; the teacher's role has become more that of & resource, aifl advx-
sor; and; in some cases; a conscience for their students. Don Birdd at the

Model Lab School in Rlchmond Kentiicky, emphasiZes teaching "both sides of

the brain" By these he means teaching more that the linear, rational think-

ing and learning usuarly associated with science instruction: He wants his

students to expand the1r creat1V1ty in science, their concept of what sci-
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Although many teachers in these ten exemplary problems seem to create

what others might call an "unstructured" classroom environment, in reality
they have very explicit goals for students and very concrete visions of
their ideal classroom and the learning, values, and attitudes it will

enhance: They maintain these visions in establishing a learning environ-
ment for their students.

TRANSACTIONS OF INSTRUCTION

Transactions; the second theme of the Project Synthesis Desired State;

are the activities of students and teachers; the interaction8 of students,
materials; teachers; others, and the outside world: While Context included
some static elements like materials and laboratories,; transactions are

dynamic. Transactions are what students and teachers do while learning
Science as Inquiry. S - o ) o
Inquiry classrooms must provide time not only for doing science but

time for transactions involving reflecting, feeling, and assessing as well.
The ten programs represented in this Focus On Excellence monograph do just
that. Most science teachers provide reasonable laboratory time. But;

while they do not prohibit feeling, reflecting; Ot assessing, teachers
don't provide systemstically for their occurence.

. Many of the articles in this volumn mention the use of student self-e-
viluation forms; student attitude; and students creating their own plans
for learning: Some programs provide daily and weekly self-assessment; oth-
ers are less regular. Some use self-reporting forms or checklists, ome
uses videotape of student presentatioms, and others rely exclusively on
regular student-teacher conferences. All, however, provide students with
opportunities to look inward, to determine for themselves the value of
their own endeavors. The programs do not view student evaluation as the
exclusive domain of teachers: They recognize fully that true scientific
inquiry ifnicludes self-assessment and evalyation as a precursor of continued
progress and scientific inquiry. Studerts’ who cannot self-evaluate canm
inquire orly to a limited extent. So,; as in these ten examples, self-ass-

essment and evaluation must become real goals of any serious program pro-
moting the teaching and learning of science as inquiry.

~ Part of this self-assessment comes from studernit originated questions,
part from teacher expectation and. mandate. But, only the teacher can
ctructure the classroom to eliminate that ever possibie bain of student
self-assessment; continual assessment and evaluation by the teacher. As
one teacher pointed out, "If I want them to make the observations 1 mist
teach skills and create opportunities for observation; I must be cautious
not to make the observations for them as that defeats the purpose and makes

them dependent on me. If I want them to be competent self-evaluators, the
same technigue holds true:." 7 o L
‘Many of the goals of these ten programs are similar in that they

requiré the student to do something both as a prerequisite and as an indi-

cation of learning: These teachers do not view mere knowing as very impor-
tant; they want students to be able to apply and communicate their know-
ledge in identifying and solving problems ‘or structuring additional
knowledge. They want student knowledge to lead toward other goals such as
interpretation of their environment or an enhanced science literacy.
Through doing science teachers in these exemplary programs want students

to come to understand the natire of science; its tentativeness and man-made
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nature: These teachers indicate that for students to be science literate

they must know and know personaliy how science comes about; its limita-

tions, beauty; and nature. Students who possess only knowledge of science

w1thout reftecting on and feeling the thrill of discovery; the agony of

defeat and the struggle to know; are hopelessly illiterate in science.

PrOVIdIng for this literacy are outstand1ng teachers in ten outstanding

programs promoting the teaching of Science as Inquiry. These ten programs

provide good evidence and justification for saying; teachers do make a
difference"”

OUTCOMES OF INSTRUCTION

_Outcomes resulting from transactions Wwere classified by Project
Synthesis_as being in four clusters: _PerSonal Needs, Societal Issiues, Fumn-
damental Knowledge, and Careers. Each goal cluster was further broken down
into components of doing, knowing, and attitudes (see Table 3 in Chapter
One for a sampling of desired outcoimes for students) These selected pro-
grams prOV1de many examples of ocutcomes which exempllfy The Project Synthe-

Personal Needs e
A11 ten programs are concerned with emhancing science literacy and

developlng personai trajts of self- confidence, responsibility; and life-

long Iearn}ngiskxlls Most of the programs are individualized far beyond
mere self pacrng and all programs show a high degree of f1ex1b111ty Their

to follow knowledge. This is in sharp contrast to more traditional pro-
grams where knowledge Seems always to be pursSuing .tlie learner.

Some programs; such as Problem Solving in Physical Science in Imper-

ial; Missouri; seem ready to drop all pre-planned notions to investigate
problems which arise. Others, like the Research Sciernce Program in Brevzar-d

County, Florida; Methods and Appllcations of Scienoe, Fasthampton, Massa-

chusetts; Ind1V1duallzed Science Investigations, Sunburst; Montana; and

Sciernce PIOJECt Semlnar, Phoenlx, Arizona; have‘developed curricula which

bu11d in spontaneity and fiexibitity: Flexibility is an essential compo-

nent of these programs since they atl involve individual students working

on 1ndependent research prOJects

Whlle these programs are certa1n1y not unusual 1n emphaS121ng personal

Many of the research-oriented programs have, hlghly structured curr;cula
designed to foster students' ability to write, speak and present their

research in the best way possible. Some even go so far das to involve
faculty from English departments in teach1ng writing sk111s and drama
teachers to coach Students on presentations. Several video-tape student

presentations wh1ch dre later critiqued by the whole class, the teacher;

and other kinowledgeable professionals. These students are 1earn1ng that

doing science is only the beginning; they must communicate science before

their task is done. In the process they are learning valuable communica-

tion skills which will aid them in whatever field of 1ife they ultimately
choose.

ok |
W
o



Q

ERIC

Aruitoxt provided by Eic:

128

Studont attitude toward science and science teaching must also be

enhanced in these programs Whi@h, promote independent decision making,
thinking and management skills, and seif-confidence. In viewing these ten

programs we See schools where students are personally involved in examing
thoir own cnvironment in their own way with their own expectations. They
are learning to do and communicate science in ways that make sense to them-
selves. These students are taking risks inquirying but in an environment
made safe by supportive tecachers; administrators; and comaunities.

. We are seeing students who are science literate in the best sense of
thie word; students who are creative yet disciplined, students who are

sctively using science knowledge in making decisions and feeling their own
motivations at work:. These students are learning survival skills which

will become increasingly more useful and necessary in our ever more techo-

logical and scientific world.
Societal Issues : o o
Whiie all ten programs use Scierice related social iIssues during the

<

year; some like; Environmental Awareness, devote a major portion of their

year to this needed ared of inquiry. Teachers in these programs are CONs-
tantly alert for science class opportunities which easily relate to society

at all levels. Some are very contemporary, focusing on energy isues, while

others are following a more locally relevant approach. Almost all seem to

. emphasize the values and ethics inherrant in decision making and spend miich

time processing how decisions are made: ] ) o
How Science and its products benefit mankind iS & key element in many
dctivities and discussions: Aspects of economics; psychology, and sociol-

cgy are ever present in some classrooms as these innovative science teach-

ers work with students who are truly seeing sScience as 4 human (and there-

fore fal'ible) enterprise. Issues relating to growth and development of
individuals; businesses, ideas, government, societies; and nations are now

found in science classrooms alongside more traditional issues of environ-

ment; genetics,; and technology. ) - .
Even those programs which are science project and competition oriented

frequently find societal issues in their classrooms as students investigate
problems relating to alcoholism and substance abuse; malnutrition; genet-

ics, and stress. These students are using the processes and power of sci-

ence and logic to delve into problems of society; truly they can be said to

be doing Social science in every sense of the word.

N Studerits (and tgg;héré) participating in sugh clases are learning
first-hand the implications of science for society. ~ They are seeing that
decisions, even those based on science, are not value free; that even
scientists cannmot be above ethics and morals. Certdinly we can say that
students in such programs are likely to appreciate science as never before
as they see how to use the outcomes of science in dealing responsibly with

- societal issues and problems. These are society's leaders of tomorrow as

envisioned by Project Synthesis.
Fundamental Knowledge ) S . .
Even those programs most emphasizing societal issues have not rele-

gated science to the back seat; however: Learning science; and lots of it,
is essential in the eyes of a}xithgsgﬁProgféﬁ developers. Where they dif-
fer, thoigh, from many programs is how and when they expect students to

learn and what they expect students to do as a result of this learning. At

- ' | | { .15;5?
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the same time,; these teachers frequently have radlcally different standards
of whether or not the learning has taken place.

Their students study the usual texts but neither trust nor rely on
them. They actively inquire into the meaning and usefulness of what they
learn; they are always questioning. In many of the programs students spend
much_ time reading the research literature; learning for themselves how
knowlédgé was gained. Their teachers want students to realize and value
the hard wogk involved in djiscovery and to ekperience the thrill and
cxcitement of new-found knowlefige. Teachers further want their .students to

use this kiiowledge and excitgment in making deciSions, doing resedarch of
their own, and in furthering fheir own knowledge. To these teachers, sci-
efice has not been fully learned until it can be applled to problems identi-
fied by the learner

These teachers, rather than prescrlblng what must be learned and hav-
ing satlsf1ed that goal moving on, design learnlng environments where
instruction doesn't end with so little meaning:. These environments demand

appllcatlon of knowledge in identifying problems and use still more know-

ledge in activeiy seeking solutIons While intellectual cuoriosity is

encouraged as it shouidrbe, so are pragmatism,and prodnctxvxty encouraged

Students in these programs mnot only krow how to gain knowledge but can

apply and app}y well that knowledge in a variety of scientific; personal;

and social settings. Agaln there are s:iudents who are well on their way
to attaining literacy in science.

§6ﬁ‘ié Nbiéb’ié i\'cédé'm'i'c A'ch’iéVérﬁén{s; by Students

Science as Inquury

10 W1nnersﬁ Westlnghouse Science Talent Search

17 honors, West1nghouse Science Talent Search
32 place awards,; International Science and Engineering Fair ,
3 Winnmers, Youth Science London Fortnight Awards

1 Winner; Tokyo cherry Blossom Festival trip

1 W1nner, Trip to Nobel Prize Ceremcny

5 Navy Cruise Awards

5 Winners; Regional Space Shﬁttle Contest

1 Winner; Edison-McGraw Award

2 Winners; Naitonal Energy Independent Research Award
7 Presidential Scholars Finalists

2 National Merlt Firalists
22 National Merit Semlflnallsts

In addition, students from these programs have won Eﬁbﬁééﬁaé of

reglonal science fair trophys and rlbbons and more than $1,000,000 in scho-

larships for each graduating class each year:

Careers ,
Whilte it is obvious that many -students doing research are exploring
careers as researchers it may be less obvious that some students are; at
the same time; discovering for themselves that they do not wish to be
researchers. Career or not théy all come to apprec1ate what °*1ence and
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embarking on science careers may well use their skills, knowledge, and

understanding in whatever careers they eventually choose. 7
But; science research is, only one career among many promoted and

modeied by the unusval teachers in these outstanding programs. One career

being modeled well is of particular interest .to us--Science teaching:

Their students are seeing science teachers as energetic, knowledgeable,

1

ambitious; and highly professiomal individuals. Teachers are seen as car-
ing; competent, and concerned for the welfare of their students, their com-
munities, and society. - This positive perception of teachers mdy well 1led
to consequences well beyond students wishing to be teachers themsevies.
These students will be leaders in their use of science and may eventually
take positions influential to schools or school districts. Viewing teach-
ers as professionals is a first and nececsary Step ifi enbancing the profes-
sion's overall status and desirability. . ,

Most of these ten programs make liberal use of community resource per-
soni as classroom speakers, as mentors; and as experts to be learned from.
Hearing and meeting with professionals provides additional career models
whether they be farmers or pharmacists., fishermen or physicists. Students
venituring out into the community; interviewing people at work; meet these

resoure people in their home environment and_ gain powerful new images Of

alternative career paths. Some of the older students in the research sci-

ence classes gain part time or sudmer employment through these community

contacts; another stepping-stoneAn that same career path.
' &

/" IN CONCLUSION

As predicted by the Synthesis Researchers, we find the teacher to be

the critical factor in designing and creating an environment conducive to

{ inquiry. The teachers in these ten ﬁfdgrémsrére,poss§§§§quiﬁﬁ and by
f inquiry to the extenmt that their classroom reflect this possession. Their

inquiry natures are contagious and they are eager to infect their students.

| To effect this innoculation; teachers carefully construct a learning atmo-
| sphere where risk taking is safe and acceptable; where rewards are provided
| for use of knowledge rather than regurgitation; and where issues are 4as

important as facts. i B

] The classrooms themselves reflect a well-used patina and, often, a

iack of tidyness indicative of constant use and too many materials in too

little space. Both the physical and intellectual environments are stimu-
lating and the intelleckual is as unrestricted as possible. The flexibil-

ity necessary for inquiry is reflected in both the physical arrangement of
these classrooms and the attitude and behaviors of the teachers:
Project Synthesis suggested inquiry classrooms would reveal a variety

of teaching methods but a consistency in teachers who valued learning,
respected the ideas of others; and who served as role models of inquiry

persons. We found this prediction to be amazingly accurate. These _teach-~

ers are thorough and thoughtful in planning, executing; and evaluating

their teaching:. Most seem to be more concerned with how an activity is

done than with what is dome. all claim inadequate time but, while many
more traditional teachers seek time to cover more chapters, inquiry teach-

ers seek more time to further real student accomplishment, understanding,
and reflection.
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Some Generalizations

We find that excellent programs teact

e
* involve several years of deve

* are still evolving
* frequently make use of severs
inservice

* do not place textbooks in a ¢
involve a locally developed c¢
* have _strouy administrative an
involvement o v
have close ties with post-sec
have highly energetic teacher
, in professional organizations
* have very currernt, Rﬁdwlédgéé
~ teachers who have rationales
Many features from these progr
part. While no one feature way be
add up to a very pervasive model anc
to students and teachers alike:. By
instituted in your program, will trar
the teachers and developers of the

environment theéy wished to create; j

will lead to excellence in your own
call; or visit any or all of these



